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EXECUTIVE SUMMARY

A. OBJECTIVE
. - The objective of this effort was to collect baseline Freon emissions data, and subsequently
recommend potential emission control alternatives to minimize Freon emissions that resutt from
routine maintenance and repair operations conducted at Newark AFB, Ohio.
B. BACKGROUND

. Newark AFB, Ohio, uses a number of solvents to clean and maintain electronic guidance
devices. The solvent most often used in this application is 1,1,2-trichloro-1,2,2-trifluoroethane,
a solvent commonly known by the DuPont Company trademark Freon 1 13M (hereatter referred
to as Freon). Newark AFB purchases large quantities of Freon (nearly 600,000 pounds annuaily),
and in previous years, lost nearly all of it (555,000 pounds) as unrecovered Freon vapor.‘ Freon
is one of a general class of chemicals known as chlorofluorocarbons (CFCs). Scientific evidence
strongly suggests that CFC emissions are responsible for the depletion of the protective ozone
layer surrounding the earth’s atmosphere. For this reason, the U.S. Air Force must reduce and
eventually eliminate CFC emissions from Air Force facilities.

Several steps have been taken to reduce the quantity of Freon emitted from the more than
100 emission point sources at Newark AFB. For example, the recovery of solvent vapors emitted
from more than halif of the point sources at the facility is achieved with limited success by the use
of two carbon adsorption (CA) systems. .The performance of the recovery system in the past has
been marginal at best, primarily due to a"n inadequate regeneration schedule.

In addition to the carbon adsorption systems, continuously operated distillation equipment
is used to purify recovered liquid Freon for reuse. However, military specifications require that
most processes use only ultrapure solvent, so only Freon that is not significantly contaminated
may be recycled. The remainder is sold to an offsite waste handling facility.

C. SCOPE

To develop methods of reducing Freon emissions from the cleaning and .naintenance

activities at Newark AFB, baseline emissions testing at key sites was performed. The data

"This quantity was derived in an earlier solvent inventory study pzrformed to identify significant
Freon emission sources at Newark AFB (1). This study took into consideration the quantity of
Freon purchased in the 1-year period studied, the change in the quantity of Freon stored onsite,
and the quantity shipped offsite as a hazardous waste and sold to a solvent reclamation facility.
The quantity of Freon lost due to evaporation (555,000 pounds [252,272 kg]) was only slightly
less than the quantity purchased (596,000 pounds {270,908 kg)).

oo




collected was evaluated to identify primary emission sources, and ventilation system
inefficiencies. The results of this evaluation were used to develop several Freon emission
reduction strategies.
D. APPROACH

This project was conducted in two steps. Step one involved a source identification study
and a Freon emissions survey. Such engineering parameters as temperature, pressure, flow
rates, and Freon concentrations were measured. This information was required to accurately
determine the Freon emissions profile of Newark AFB, as well as to facilitate the identification of
various emission reduction strategies. Step two of this project consisted of reducing the data
collected in step one, and developing and evaluating a number of Freon emission control
strategies.
E. TEST DESCRIPTION

Three principal measurements were performed during this test series. The first was a
measurement of air flow rates through exhaust ducts. The second measurement was the linear
flow rate at the ‘ront faces and access ports of process booths connected to the CA systems.
The third measurement was to determine Freon concentration variations in the duct over an
extended period of time. At two of the test sites (CA 3 and CA 4), an additional measurement
was performed to determine 1,1,1-Trichloroethane (TCA) concentration variations. TCA is
occasionally used in the process booths connected to the carbon adsorption systems.
F. RESULTS

The emission test results obtained were in good agreement with results obtained from the
Freon emission inventory study performed a month prior to testing. Thus, the confidence level
in the data collected is high. Several Freon emission reduction strategies were identified based
on these results which, if implemented, will result in a Freon emission reduction of more than
60 percent.
G. CONCLUSIONS

From the data collected in this test effort (presented in Section Iil) and the engineering

evaluation results (presented in Section 1V); the following conclusions can be drawn:

« The quantity of Freon emitted from the Peacekeeper, Refurbishing, and Clean
Room 12 areas total more than 54,432 kg (120,000 pounds) per year; thus emissions
from these areas should be targeted for major reduction.

¢ The emission sources not vented from process areas should be placed in hoods
vented to a solvent vapor recovery system.

+ The current carbon adsorption system regeneration schedules are inadequate. This
is discussed fully in Section IV.

o The test results are in general agreement with the results obtained from the Newark
solvent chemical inventory survey performed prior to testing (1).
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The implementation of the recommendations made in this report should result in an
emissions reduction of more than 113,400 kg (250,000 pounds) annually.

H. RECOMMENDATIONS.

The recommendations made are of two types: those that can be adopted almost
immediately and those that will take some time. These "short-term” and "medium-term"
recommendations are presented separately. The medium-term recommendations are

Significant emissions from the Peacekeeper area should be eliminated by connecting
the source exhaust ducts from the Peacekeeper area to the CA 3/CA 4 network.
Under current operations, CA 4 is significantly underutilized compared to CA 3, which
is operating near maximum capacity. It is recommended that Newark AFB either
connect the Peacekeeper area exhaust ducts to CA 4, or offload most of the CA 3
sources to CA 4, and connect the Peacekeeper exhaust ducts to CA 3.

Some flow balancing will be required after the sources are integrated to ensure that
sufficient ventilation air passes through each source.

A separate solvent vapor recovery system should be installed to control emissions
from the Refurbishing and Clean Room 12 areas.

The emission sources that are currently uncontrolled (i.e., degreasers and ultrasonic
cleaners), should be vented to a vapor recovery system. However, the cumulative
contribution from these sources could have a significant impact on the recovery system
operation. Thus, after they are vented, the Freon emissions from these sources should
be quantified to assess their potential impact on vapor recovery system operations.
A means of determining Freon evaporation rates in the significant emission source
areas (i.e., Peacekeeper, Refurbishing/Clean Room 12, Clean Room 3) should be
installed. In this way, the impacts of changes in operating areas on CA bed
performance can be determined.

The short-term recommendations are

Feedback control loops should be instalied at the exits of both CA systems to eliminate
the possibility of emitting Freon vapor into the environment due to CA bed
breakthrough.

CA systems 3 and 4 should be converted from split-flow operation to single-bed
operation.

Until feedback control loops are installed in the CA bed effluents, new regeneration
schedules for CA 3 and CA 4 should be adopted.

Freon emissions from CA 4 due to the intermittent duty cycle of the point sources
vented in CA 4 should be significantly decreased. The most cost-effective means of
controlling these emissions is to turn off the 10-hp (7.5 kW) exhaust fan located
upstream of the bed during process downtime (i.e., weekends, and second and third
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shift). This will reduce the possibility of solvent migration through the bed and
subsequent breakthrough.
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ACGIH

Breakthrough

CA
CFM
DQO

Freon

favg’ foar
hp

kg
OSHA

Process Area

Process Booth

Regeneration

SCFM

TCA

Vented Source

GLOSSARY OF TERMS

American Conference of Governmental Industrial Hygienists

Occurs when solvent laden air is passed through a saturated carbon
adsorption bed, at which time the solvent is not collected by the bed,
rather, it breaks through and passes into the effluent

Carbon adsorption

Cubic feet per minute

Data Quality Objective

A trademark name for a class of chlorofluorocarbon compounds. In this
document, it refers specifically to 1,1,2-trichloro-1,2,2-trifluoroethane

Average conversion factor

Horsepower

Kilogram

Occupational Safety and Health Administration

An area in which cleaning and maintenance processes (such as spraying,
flushing, and degreasing operations) occur .

An enclosed booth in which cleaning and maintenance activities (such as
spraying, flushing, and degreasing operations) occur

A process in which the active sites on carbon that are saturated with solvent
are renewed via steam stripping

Standard cubic feet per minute. A volumetric flow rate standardized to a
specific temperature and pressure

1,1,1-Trichloroethane

Process booth or area that is equipped with an exhaust duct that is vented
either to the outside or to a carbon adsorption system

Water column. A common unit of pressure is inches w.c. or inches water
column.
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SECTION |
INTRODUCTION

A. OBJECTIVE

The objective of this effort was to collect baseline Freon emissions data, and subsequently
recommend potential emission control alternatives to minimize Freon emissions that result from
routine maintenance and repair operations conducted at Newark AFB, Ohio.

B. BACKGROUND

Newark AFB, Ohio, uses a number of solvents to clean and maintain electronic guidance
devices. The solvent most often used in this application is 1,1,2-trichloro-1,2,2-trifluoroethane,
a solvent commonly known by the DuPont Company trademark Freon 113™ (hereafter referred
to as Freon). Newark AFB purchases large quantities of Freon (nearly 600,000 pounds annuaily),
and in previous years, lost nearly all of it (555,000 pounds) as unrecovered Freon vapor.” Freon
is one of a general class of chemicals known as chiorofluorocarbons (CFCs). Scientific evidence
strongly suggests that CFC emissions are responsible for the depletion of the protective ozone
layer surrounding the earth’s atmosphere. For this reason, the U.S. Air Force must reduce and
eventually eliminate CFC emissions from Air Force facilities.

Several steps have been taken to reduce the quantity of Freon emitted from Newark AFB.
For example, the recovery of solvent vapors emitted from more than half of the point sources
at the facility is achieved with limited success by the use of two carbon adsorption (CA) systems.
The performance of the recovery system in the past has been marginali at best, primarily due to
an inadequate regeneration schedule.

In addition to the carbon adsorption systems, continuously operated distillation equipment
is used to purity recovered liquid Freon for reuse. However, military specifications require that
most processes use only ultrapure solvent, so only Freon that is not significantly contaminated
may be recycled. The remainder is sold to an offsite waste handling facility.

C. SCOPE/APPROACH

This project was conducted in two steps. Step one involved a source identification study

and a Freon emissions survey. Such engineering parameters as temperature, pressure, flow

This quantity was derived in an earlier solvent inventory study performed to identify significant
Freon emission sources at Newark AFB (1). This study took into consideration the quantity of
Freon purchased in the 1-year period studied, the change in the quantity of Freon stored onsite,
and the quantity shipped offsite as a hazardous waste and sold to a solvent reclamation facility.
The quantity of Freon lost due to evaporation (555,000 pounds {252,272 kg]) was only slightly
less than the quantity purchased (596,000 pounds [270,909 kg]).




rates, and Freon concentrations were measured. This information was required to accurately
determine the Freon emissions profile of Newark AFB, as well as to facilitate the identification of
various emission reduction strategies. Step two of this project consisted of reducing the data
collected in step one, and developing and evaluating a number of Freon emission control
strategies.




SECTION Il
TEST AND SITE DESCRIPTION

A description of the Newark AFB Building 4 facility and the test procedures followed is
provided in this section.
A. SITE DESCRIPTION

The facility of interest at Newark AFB is Building 4, in which mechanical components and
gyros for inertial guidance systems are cleaned and repaired. Only a few solvents are used in
large quantities in the cleaning operations: Freon, 1,1,1-trichloroethane (TCA), propanol, toluene,
and acetone. Of these, Freon is the most commonly used.

The Building 4 facility consists of a large, three-level building in which smaller buildings or
rooms are housed. The cleaning and repair work is done on the first floor of the building. There
are a large number of individual Freon emission point sources located on the first floor. The
results of a previous study indicated that the most significant Freon emission sources are solvent
spray booths, flush stations, vapor degreasers and ultrasonic cleaners.! Of these sources, the
most significant are those in which the Freon vapor generated at each source is exhausted from
the room through a hood and routed to either a CA vapor recovery system or to the outside.
Ten exhaust ducts were identified for testing; each duct was numbered and identified as a test
site.

Two CA systems are in place in Building 4 at Newark AFB. Ostensibly, these systems
recover solvent vapors present in the exhaust streams. For a variety of reasons, the recovery
efficiencies of these systems have been marginal at best; thus, the characterization of their
operation and duty cycles was an integral part of the test. The exhaust ducts from a total of 23
Freon point sources are connected to the CA systems.

More than 10 significant Freon emission point sources are vented directly to the air. The
exhaust ducts of some of these sources are connected; thus, a total of eight exhaust ducts are
vented directly outside.

A schematic diagram provided in Figure 1 indicates the sources tested that are vented
directly to the outside. In addition, sources vented to the CA systems are indicated.

B. TEST DESCRIPTION

Three principal measurements were performed during this test series. The first was a
measurement of air flow rates through exhaust ducts. The second measurement was the linear
flow rate at the front faces and access ports of process booths connected to the CA systems.
The third measurement was to determine Freon concentration variations in the duct over an
extended period of time. At two of the test sites (CA 3 and CA 4), an additional measurement
was performed to determine TCA concentration variations. TCA is occasionally used in the
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process booths connected to the carbon adsorption systems. Each of these measurements is
discussed below.
1. Air Flow Measurements in Ducts

Air volume flow measurements were taken in the duct to determine emission rates.

The air flow rate was measured using a pitot tube according to EPA Method 2 procedures.
2. Air Flow Measurements at Booth Faces

Linear air flow rate measurements were taken at booth faces and access ports of
process booths connected to the CA systems. These measurements were performed with an
anemometer according to ACGIH procedures.

3. Continuous Freon Concentration Measurements

The Freon concentration in the duct was monitored continuously using a Gastech
Model 3290 Freon Analyzer, which operates in a manner similar to an infrared spectrophoto-
meter. The detector is set to 9.1 gm, a wavelength at which Freon absorbs strongly. A review
of infrared spectral data indicated that there is little or no interference from such background
gases as O,, CO, and N,,.

Calibration of the Freon analyzer was performed at 12-hour intervals with the use of
zero, span, and calibration gases. The zero gas was pure nitrogen (which causes zero respcnse
on the instrument), and the span and calibration gases were composed of Freon in nitrogen at
4046 and 1060 ppm, respectively. These gases were selected based on anticipated conc-
entrations,; a target of 4000 ppm was selected for the span gas because it was anticipated that
actual Freon concentrations would be much less, and 1000 ppm was targeted for the calibration
gas because it was estimated that actual Freon concentration wouid be approximately 1000 ppm.

A strip chart recorder was operated in tandem with the Freon analyzer to record the
concentration variations throughout the test. The strip chart data were later reduced to determine
emission rates and time-dependent concentration variations.

4, 1,1,1-Trichlorethane Concentration Measurements

The measurement of TCA concentrations at the inlet ducts to both CA systems was
performed using a variable-wavelength infrared spectrophotometer. This measurement was
taken simultaneously with Freon concentration measurements described above. The
measurement of TCA concentrations was motivated by the fact that TCA has an absorption edge
at 8.9 um, which is very close to the wavelength at which the Freon analyzer operates (2). Due
to this wavelength overlap, it was believed that the presence of TCA in the duct would result in
a misleading measurement, because it would be mistakenly measured as Freon by the Freon
analyzer,

The spectrophotometer detector was set to measure absorbance at 14 um, a
wavelength at which neither Freon, CO,, O,, nor water vapor absorbs (2). In this way, TCA




concentrations in the duct were measured separately, and the contribution made by the TCA to
Freon analyzer measurement results could be removed.




SECTION il
TEST RESULTS

The results of the test efforts at Newark AFB are presented here in two subsections; the
first subsection discusses the resuits of the continuous Freon concentration monitoring efforts,
and the second presents results of air flow rate measurements taken at the test sites and at the
various point sources connected to CA 3 and CA 4.

A. CONTINUOUS FREON CONCENTRATION MEASUREMENTS

Ten exhaust ducts carrying solvent vapors from process booths and work stations were
monitored to determine the quantity of Freon vapor vented. Eight of these ducts are currently
vented directly to the outside of Building 4. Each of the remaining two ducts is vented to CA
systems that are used to recover solvent vapors present in the process stream. The ducts
vented directly to the outside generally draw exhaust from only one source, whereas the ducts
vented to CA systems draw exhaust from muitiple sources.

1. Site 1 -- Peacekeeper Area

The exhaust duct denoted as Site 1 is situated next to Room 41B35 in the
Peacekeeper area. Itis one of eight exhaust ducts through which Freon is emitted to the outside
air. Because the work taking place in the Peacekeeper area is classified, security clearance is
required to gain access to the work rooms. The field crew was not given sufficiently high
clearance to allow access, so it was not possible to determine the number of Freon emission
paint sources that contribute to the Site 1 duct emissions. The results of an earlier inventory
study indicate that significant Freon losses occur in this area, thus it was anticipated that high
Freon concentrations would be measured in the Site 1 exhaust duct.

All of the Freon emission sources connected to the Site 1 duct are “footpad-activated”;
i.e. the exhaust fan for each point source operates only when someone is standing at the work
station and is presumably using Freon. To remove residual solvent vapors, the fan remains on
a short while after the worker has left the vicinity of the station. While the fan is not on, a smalf
background concentration of Freon may often be detected. This is due to Freon vapors
diffusing up from the work station into the exhaust duct. This residual Freon should not be
considered as contributing to the total emissions, because no flow exists through the duct to
carry the vapors outside.

At this type of source, Freon is actually emitted only when the exhaust fan is operating.
Thus, the Freon analyzer at this site measured a series of peak concentrations (which indicate
that the workstation is in use and Freon is being exhausted), followed by a low-concentration
plateau (which indicates that the exhaust fan is not on, and Freon is not being emitted). When




the chart recorder data were reduced, only the concentrations measured under the peaks were
included in the total Freon emission calculation. The low-concentration r'ateau measurements
were not considered to be contributing to the overall emissions.

Continuous Freon concentration measurements at Site 1 occurred over a 38-hour
period. Testing was initiated at 1000 on 13 September 1988, and ended at 2400 on
15 September, 1988. The resuits of this test, given in Table 1, are presented in prescribed time
intervals (indicated in column one of Table 1). Time intervals that appear to be omitted from
column one (such as between 2300 and 2400 on 13 September) indicate periods during which
instrument calibration and paper replacement occurred. The length of sample time in each
interval is given in column two, and is summed at the bottom of the table. This value indicates
actual sampling time; time spent in instrument calibration is not erroneously included as
sampling time. The number of events, or peaks, occurring in each time interval is given in
column three. The Freon measured under each of these peaks is summed to determine actual
Freon emission rates. As described in an earlier paragraph, low-concentration plateaus are not
included in this calculation.

Column four of Table 1 indicates the total area measured under each peak in units of
ppm-minutes. The conversion factor used to convert from square inches measured on the strip
chart to ppm-min has already been applied and corrected for system drift (see Section VIl). The
event lifespan (length of time the fan was on for each event) is given in column five. With this
parameter, an average concentration for each event can be caiculated, and the result is reported
in columns six and seven as ppm and g/L, respectively. When the average air flow rate result
is applied to the average Freon concentration given in column seven, the total quantity of Freon
emitted during the event lifespan may be derived. This value is given in column eight. The
quantity of Freon emitted in each time interval is summed at the bottom of column eight to
indicate the total quantity of Freon emitted from the Site 1 exhaust duct throughout the entire
test.

2. Site 2 -- Peacekeeper Area

The exhaust duct denoted as Site 2 is situated next to Clean Room 11 (Rm 41E37)
in the Peacekeeper area. It is also one of eight exhaust ducts through which Freon is emitted
to the outside air. Because the Site 2 duct is located in the Peacekeeper area, it was not
possible for the field crew to determine the number of contributing Freon emission point sources.
The results of an earlier inventory study indicate that significant Freon losses occur in this area;
thus, it was anticipated that high Freon concentrations would be detected at this site.

As with the Site 1 exhaust duct, all of the Freon emission sources connected to the
Site 2 duct are “footpad-activated®; thus, while the fan is not on, a small background
concentration of Freon may often be detected. For this reason, when the chart recorder data
were reduced, only the concentrations measured under the peaks were included in the total

8




TABLE 1. CONTINUOUS FREON CONCENTRATION MEASUREMENTS AT SITE 1.

SITE 1 -- PEACEKEEPER
TEST BEGIN: 13 September 1000
TEST END: 15 September 2400

SUM OF AVERAGE
TIME & DURATION EVENT EVENT EVENT CONCENTRATION QUANTITY
DATE TIME NUMBER AREAS LIFESPAN FOR EVENT EMITTED
{minutes) {ppm-ming) (minutes) (pom) (kgs ilbs)
13 Sept
1000- 1100 40 1 3808 5.2 732 0.67 1.5
2 1364 4.8 284 0.26 0.5
3 1538 4.4 39 0.27 0.6
1100-1200 60 1]
1200-1300 60 1 4547 9.2 494 0.81 1.8
1300- 1400 60 Q
1400-1500 60 1 1933 2.8 690 0.34 0.8
1500- 1600 60 1 2387 5.2 459 0.42 0.9
2 4320 12 348 0.77 1.7
1600-1700 60 1 5002 10 500 0.89 1.9
2 21486 18 1194 3.3 8.4
1700- 1800 60 1 4718 4.8 983 0.8 1.8
2 3240 5.2 623 0.57 1.3
1800- 1900 60 1 6992 8 874 1.2 2.7
2 5002 4.4 1137 0.89 1.9
3 5002 8.8 568 0.89 1.9
1900-2000 60 1]
2000-2100 60 1 6196 6.8 911 1.1 2.4
2100-2300 120 0
14 Sept
2400-0100 60 1 3533 7.6 465 0.63 1.4
2 12339 14 857 2.2 4.8
0100-0200 40 1 449 1.6 280 0.08 0.2
0200-0400 120 0
0400-0500 60 1 3533 7.6 465 0.63 1.6
2 2916 ] 486 0.52 1.1
0500-0600 60 0
0600-0700 60 1 2804 3.6 ™ 0.50 1.1
2 2019 4 S0S 0.36 0.8
3 1514 4.4 344 0.27 0.6




TABLE 1. CONTINUOUS FREON CONCENTRATION MEASUREMENTS AT
SITE 1 (CONCLUDED).

SITE 1 -- PEACEKEEPER
TEST BEGIN: 13 September 1000
TEST END: 15 September 2400

SUM OF AVERAGE
TIME & DURATION EVENT EVENT EVENT CONCENTRATION QUANTITY
DATE TIME NUMBER AREAS LIFESPAN FOR EVENT EMITTED
(minutes) {pom-mins) (minutes) (ppm) (kgs _lbs)
0700-0800 60 1 2692 4.4 612 0.48 1.0
2 1402 3.6 389 0.25 0.5
3 4206 é 701 0.7 1.6
0800-0900 60 1 2075 [ 519 0.37 0.8
2 1458 2.8 521 0.26 0.6
3 2075 4 519 0.37 0.8
0900- 1000 40 0
1000-1100 60 1 7627 8 953 1.4 3.0
2 729 4 182 0.13 0.3
3 1346 3.6 374 0.5
1100-1200 %] 1 3253 b6.4 508 0.58 1.3
1300- 1400 60 1 2847 5.6 508 0.50 1.1
1400- 1500 40 0
1500- 1600 60 1 5171 10 517 0.92 2.0
2 3486 6.8 513 0.62 1.4
1600-17G0 60 1 465 1.6 291 0.08 0.2
2 1685 4.4 383 0.30 0.7
3 1162 5.6 208 0.21 0.5
1700- 1800 60 1 4548 1 415 0.82 1.8
2 1046 2.8 374 0.19 0.4
1800- 1900 60 1 872 3.6 2642 0.1 0.3
2 697 2.4 291 0.12 0.3
1900-2000 60 1 523 1.2 436 c.09 0.2
2000-2100 60 1 7786 7.2 1081 1.6 3.0
2100-2200 60 1 5520 5.2 1062 0.98 2.2
2200-2300 60 1 2640 5.2 469 0.43 1.0
2300-2400 40 1 3603 9.2 392 0.64 1.4
2 4009 13 304 0.71 1.6
Total: 2160 32 70
minutes kg S
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Freon emission calculation. The low-concentration plateau measurements were not considered
to contribute to the overall emissions.

Continuous Freon concentration measurements at Site 2 occurred over a 38.5-hour period.
Testing was initiated at 1045 on 13 September 1988 and ended at 0120 on 16 September 1988.
The results of this test are presented in Table 2. The organization of Table 2 is the same as that
of Table 1.

3. Site 3 -- Refurbishing Area

The exhaust duct denoted as Site 3 is situated adjacent to Room 41S6 in the
refurbishing area. This duct draws exhaust air from a solvent flushing booth located in Room
4186 and vents it to the outside. This work station is considered a significant emission source
in this work area, which is operated one shift per day. For this reason, no solvent emissions
were detected after 1600. The Freon emission source connected to the Site 3 duct is “footpad-
activated” and the data reduction techniques used on the Site 1 and 2 test resuits were applied
to the Site 3 results.

Continuous Freon concentration measurements at Site 3 occurred over a 33-hour
period. Testing was initiated at 1045 on 13 September 1988. Due to an electronic malfunction
of the Freon analyzer, the test was stopped temporarily at 0900 on 14 September. Testing was
resumed at 1542 and ended at 0300 on 15 September 1988. The results of this test are
presented in Table 3. The organization of Table 3 is the same as Table 1. Table 3 includes two
short time lapses during which data were not taken. This was due to a problem with the paper
feed mechanism on the chart recorder. This problem was corrected as soon as it was detected.

4. Site 4 -- Refurbishing Area

The exhaust duct denoted as Site 4 is situated next to Room 4186 in the refurbishing
area. This duct draws exhaust air from a solvent spray booth located in Room 41S6 and vents
it to the outside. This work station is considered a significant emission source in this work area.
Because it is a single-shift operation, no solvent emissions were detected after 1600. The Freon
emission source connected to the Site 4 duct is "footpad-activated.” Data reduction techniques
used on previously presented test results were applied to the Site 4 results. Continuous Freon
concentration measurements at Site 4 occurred over a 29-hour period. Testing was initiated at
1045 on 13 September 1988 and was terminated at 1542 on 14 September. In the original test
plan, emissions testing at this site was to continue until the morning of 15 September. However,
due to a malfunction of the Freon analyzer used at Site 3, the analyzer used at Site 4 (which was
operating properly) was switched to Site 3 after approximately 29 hours. In this way, accurate
data were collected at each site during an entire work cycle. The alternative would have been
to replace the malfunctioning Freon analyzer with another analyzer, which would have required
system calibration before operation. Because activity in this work area ceases before 1700,
there would not have been sufficient time to get the new analyzer functioning before the shift

1




TABLE 2. CONTINUOUS FREON CONCENTRATION MEASUREMENTS AT SITE 2.

SITE 2 -- PEACEKEEPER
TEST BEGIN: 13 September 1045
TEST END: 15 September 0120

SUM OF AVERAGE
TIME & DURATION EVENT EVENT EVENT CONCENTRATION QUANTITY
DATE TIME NUMBER AREAS LIFESPAN FOR EVENT EMITTED
(minutes) {pom-mins) (minutes) (ppm) (kgs Lbs)

13 Sept

1045-1100 15 1 1814 2 907 0.49 1.1
2 767 2.4 320 0.20 0.5

1100~ 1200 60 0

1200-1300 60 1 837 1.6 523 0.22 0.5
2 4883 3.2 1526 1.3 2.9
3 977 3.2 308 0.26 0.6
4 438 1.6 205 0.13 0.3

1300-1400 60 1 698 2 349 0.18 0.4

1400-1500 60 1 698 0.8 872 0.18 0.4
2 488 1.2 407 0.13 0.3
3 558 0.8 698 0.15 0.3
4 977 1.6 610 0.26 0.6
5 1046 1.2 872 0.28 0.6

1500-1600 60 1 349 0.5 698 0.09 0.2

1600- 1700 60 multiple 5302 21 255 b 3.2
2 698 1.2 581 0.18 0.4
3 3976 4.8 828 1.1 2.4

1700-1800 60 1 1046 1.2 872 0.28 0.6
2 1395 1.6 872 0.37 0.8
3 837 0.6 1395 0.22 0.5

1800- 1900 60 1 558 0.4 1395 0.15 0.3

1900-2000 60 1 3558 0.6 5930 0.96 2.1

2000-2100 60 1]

2100-2200 60 1 279 0.4 698 0.07 0.2

2200-2300 60 ¢

2300-2400 60 1 558 0.6 930 0.15 0.3
2 628 0.6 1046 0.17 0.4
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TABLE 2. CONTINUOUS FREON CONCENTRATION MEASUREMENTS AT
SITE 2 (CONTINUED).

SITE 2 -- PEACEKEEPER
TEST BEGIN: 13 September 1045
TEST END: 15 September 0120

SUM OF AVERAGE
TIME & OURATION  EVENT EVENT EVENT CONCENTRATION QUANRTITY
DATE TIME NUMBER AREAS LIFESPAN FOR EVENT EMITTED
(minutes) (pom-mins ) (minutes) (pom) (kgs lbs)
14 Sept
0100-0500 240 0
0500- 0600 60 1 19928 54 369 5.4 12
04600-0654 54 0
0654 -0800 66 1 10340 3 304 2.8 6.2
2 3835 21 181 1.0 2.3
3 12806 6 2134 3.5 7.7
4 14038 é 2340 3.8 8.4
0800-0904 64 1 15545 16 972 4.2 9.3
2 3424 12 285 0.93 2.0
3 2465 4.8 514 0.66 1.5
4 3698 7.2 Sté 1.0 2.2
S 6780 1 605 1.8 4.1
6 4520 13 342 1.2 2.7
0904 -0957 53 multiple 8286 17 47 2.3 5.0
0957-1100 &3 1 3082 6.8 453 0.83 1.8
2 6300 12 525 1.7 3.8
3 2123 11 190 0.57 1.3
4 3698 7.2 514 1.0 2.2
S 4999 8 625 1.4 3.0
1214-1400 106 1 848 5.2 167 0.23 0.5
2 1389 7.2 193 0.37 0.8
3 8100 17 47 2.2 4.8
multiple 62716 49 1275 17 38
1400- 1500 60 multiple 33267 36 924 9.0 20
2 3124 8.8 355 0.84 1.9
3 3066 4.8 639 0.83 1.8
1500-1600 60 multiple 15158 23 653 4.1 1
2 2638 7.2 346 0.67 1.5
multiple 7984 21 384 2.2 8
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TABLE 2. CONTINUOUS FREON CONCENTRATION MEASUREMENTS AT
SITE 2 (CONCLUDED).

SITE 2 -- PEACEKEEPER
TEST BEGIN: 13 September 1045
TEST END: 15 September 0120

SUM OF AVERAGE
TIME & DURATION EVENT EVENT EVENT CONCENTRAT[ON QUANTITY
DATE TIME NUMBER AREAS LIFESPAN FOR EVENT EMITTED
minute {pom-mins) (minutes) {ppm) (kgs  lbs)
1600-1800 120 1 3240 7.2 450 0.88 1.9
2 1678 & 419 0.45 1.0
3 2719 5.6 486 0.73 1.6
4 1736 4.4 394 0.47 1.0
5 2025 4.8 422 0.55 1.2
é 1794 4.8 374 0.48 1.1
7 5786 10 579 1.6 3.5
8 8216 12 685 2.2 6.9
9 1562 4 391 0.42 0.9
10 5091 6.8 749 1.4 3.0
1" 3761 ] 627 1.0 2.2
1800- 1906 &6 1 2661 6.8 301 0.72 1.6
2 579 2 289 0.15 0.3
3 5207 é 858 1.4 3.1
4 5554 1" 496 1.5 3.3
1906-2000 54 1 694 4 174 .18 0.
2 4860 11 434 1.3 2.9
2000-2043 43 0
2043-2200 103 1 1736 7.2 241 0.47 1.0
2 2199 9.6 229 0.59 1.3
3 457N 6.8 672 1.2 2.7
4 1331 4.8 _77 0.36 0.8
5 2835 6.8 417 0.77 1.7
2200-2300 60 1 810 1.2 675 0.22 0.5
2 13075 20 654 3.6 7.8
2300-2356 56 1 3356 7.6 442 0.91 2.0
2 6422 11 595 1.7 3.8
3 3182 9.2 346 0.8 1.9
15 Sept
2356-0100 -3 1 1389 4 347 0.37 0.8
2 1389 2 694 0.37 0.8
3 9431 n 306 2.6 5.6
4 1273 6.4 199 0.3% 0.8
0100-0120 20 1 7290 5.2 1402 2.0 4.6
Total: 2207 113 248
minutes kg pounds
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' TABLE 3. CONTINUOUS FREON CONCENTRATION MEASUREMENTS AT SITE 3.

SITE 3 -- REFURBISHING AREA
TEST BEGIN: 13 September 1045
TEST END: 15 September 0300

SUM OF AVERAGE
TIME & DURATION EVENT EVENT EVENT CONCENTRATION QUANTITY
DATE TIME NUMBER AREAS LIFESPAN FOR EVENT EMITTED
(minutes) _____ (pom-mins) (minutes) (pom) (kgs lbs)

13 Sept :
1045-1100 15 1 9178 1 834 .83 1.8
1100- 1145 45 1 23919 43 . 556 2.2 4.8
Paper jam
1315-1400 45 1 14185 1 1290 1.3 2.8
1400- 1420 20 1 8344 9.3 897 0.7 1.7
1432-1500 28 1 33932 28 1212 3.1 6.7
1500-1600 60 1 47560 55 865 4.3 9.4
1600-2140 340 0 0 0
2230-2400 90 ] ] 0
14 Sept
24600-0240 160 0 0 0
Paper jam
0320-0900 340 0 0 0

Changed Probe

1542-1600 18 1 8299 13 638 0.75 1.6

1600-2400 480 0 0 0

15 Sept

2400-0300 180 0 0

Total: 1821 a3 29
minutes kg pounds
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ended. Thus, the most expedient solution was to switch the analyzer from Site 4 to Site 3,

thereby forgoing approximately 1.5 hours of monitoring at Site 4 during the working shift. The

results of this test are presented in Table 4. The organization of Table 4 is the same as Table 1.
5. Site 5 -- Refurbishing Area

The exhaust duct denoted as Site 5 is situated next to Room 4156 in the refurbishing
area. This duct draws exhaust air from three individual sources located in Rooms 41RS and
41R9A and is vented to the outside. Only one source, a Freon spray booth, is considered
significant. No cleaning or maintenance operations appear to occur at the other two sources
(one is a soivent drain hood, the other is a work bench area). This area generally supports one
shift per day; thus no solvent emissions were detected after 1600. The Freon emission source
connected to the Site 5 duct is “footpad-activated®; thus the data reduction techniques used on
the previously presented results were applied on the Site 5 results.

Continuous Freon concentration measurements at Site 5 occurred over a 45-hour
period. Testing was initiated at 0424 on 15 September 1988 and was terminated at 0100 on
17 September. The results of this test are presented in Table 5.

6. Sites 6, 7, and 8 - Clean Room 12

The exhaust ducts denoted as Sites 6,7, and 8 are situated next to Room 4183 in the
Clean Room 12 area. These ducts appear to draw exhaust from at least three individual sources
lccated in Room 41S3, and they are vented to the outside. This area operates two shifts per
day; thus, the test was ended at the end of the second shift on the cecond day. Most of the
Freon emission sources connected to these ducts are “footpad-activated": thus, the data
reduction techniques used on the previously presented results were applied in these cases as
well,

Continuous Freon concentration measurements at Site 6 occurred over a 42-hour
period. Testing was initiated at 0700 on 15 September 1988 and was terminated at 0100 cn
17 September. The resuits of this test are presented in Table 6.

Continuous Freon concentration measurements at Site 7 occurred over a 41-hour
period. Testing was initiated at 0700 on 15 September 1988 and was terminated at 010C cn
17 September. The results of this test are presented in Table 7.

Continuous Freon concentration measurements at Site 8 occurred over a 42.5-hour
period. Testing was initiated at 0700 on 15 September and was terminated at 0120 on
17 September. The resuits of this test are presented in Table 8.

7. Carbon Adsorption Bed 3

There are at least 14 individual solvent spray booths, flush booths, and workstations
that are vented to CA 3, as well as numerous process tanks and holding tanks used in the
distiliation system. All of the contributing sources are used quite heavily from one to three shifts
per day. During an initial site visit by Acurex and EPA personnel in February 1988, it was learned

16




TABLE 4. CONTINUOUS FREON CONCENTRATION MEASUREMENTS AT SITE 4.

SITE & -- REFURBISHING AREA
TEST BEGIN: 13 September 1045
TEST END: 14 September 1542

SUM OF AVERAGE
TIME & DURATION EVENT EVENT EVENT CONCENTRATION QUANT]TY
DATE TIME NUMBER AREAS LIFESPAN FOR EVENT EMITTED
(minutes) (ppm-mins) (minutes) (ppm) (kgs Lbs)
13 Sept
1045-1145 60 1 102 1.9 54 0.0t 0.02
2 102 3.8 27 0.01 0.02
Paper jam
1315-1400 45 0
1600-1500 60 1 33466 5.3 641 0.34 0.74
2 1326 3 442 0.13  0.29
1500- 1400 60 0
1600-1700 60 1 204 2.6 78 0.02 0.06
1700-2200 300 0
22464-2400 76 0
14 Sept
2600-0240 160 0
Paper jam
0320-0700 220 0
0700-0800 60 1 1575 8.6 183 0.16 0.35
0800-0900 60 0
0900- 1000 60 1 3255 4.1 794 0.33 0.72
2 525 2.6 202 0.05 0.12
1000-1100 60 0
1100- 1200 60 1 1470 1.9 774 0.15  0.32
1200-1300 80 1 525 1.7 309 0.05 0.12
2 525 3.4 154 0.05 0.12
1300-1400 60 1 1877 3.7 507 0.19 0.4
16400-1434 34 1 442 1.1 401 0.04 0.10
1500- 1542 42 1 1766 2.6 67 0.18 0.39
2 552 2.6 212 0.06 0.12
Total: 1563 1.8 3.9
minutes kg pounds

SWITCKED PROBE OVER TO SITE 3
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TABLE 5. CONTINUOUS FREON CONCENTRATION MEASUREMENTS AT SITE 5.

SITE S -- REFURBISHING AREA
TEST BEGIN: 15 September 0424
TEST END: 17 September 0100

SUM OF AVERAGE
TIME & DURATION EVENT EVENT EVENT CONCENTRATION QUANTITY
DATE TIME NUMBER AREAS LIFESPAN FOR EVENT EMITTED
{minutes) (pom-mins) (minutes) {(pom) (kgs Lbs)
15 Sept
04246-1228 481 0
1225-1325 40 1 1938 3.4 570 0.5¢ 1.2
2 570 3 190 0.16 0.4
1325-2030 425 0
16 Sept
2190-0600 540 0
0600-0700 30 1 2636 8.3 319 0.76 1.6
0700-0900 120 0
17 Sept
1000-0100 900 0
Total: 2556 16 3.2
minutes kg pounds

18




TABLE 6. CONTINUOUS FREON CONCENTRATION MEASUREMENTS AT SITE 6.

SITE 6 -- CLEAN ROOM 12
TEST BEGIN: 15 September 0700
TEST END: 17 September 0100

SUM OF
EVENT
AREAS

TIME &
DATE

DURATION
TIME
{minutes)

EVENT
NUMBER

15 Sept

0700-0800 60 5946
6566
2590
2225

2663

W BN

0800-0900 8682
3648
2152
2432
1933

2462

[+ R N

0900- 1000 876
1952
2079
2079

2286

LV B RN VO VI

1000- 1100 7770
4013

2627

W

1100-1200 60 1167
2152
1800
3174

3210

VW -

1200-1300

~n
w
N
-
o

1300-1400Q

NO WS WN -
—_

1400- 1500

(ppm-mins)

19

AVERAGE
CONCENTRATION
FOR EVENT

—(pom)

EVENT
LIFESPAN

(minutes)

N W 0o W W
N
§u
[ 3
»

14
10

s &0
o or
w
&

Vs N
s e & a s
o NS S

o

n

(=]

7 328
220
1279
652

385
260

3
& 1021

QUANTITY
EMITTED
(kqs ibs)
0.22 0.49
0.25 0.54
0.0 0.1
0.08 0.18
0.10 0.22
0.32 0.7
0.14 0.30
0.08 0.18
0.09 0.20
0.07 0.1¢
0.09 0.20
0.03 0.07
0.07 0.16
0.08 0.17
0.08 0.17
0.09 0.19
0.29 0.64
0.1 0.33
0.10 0.22
0.06 0.10
0.08 0.18
0.07 0.15
0.12 0.26
0.12 0.26
0.18 0.40
0.12 0.26
0.09 0.19
0.10 o0.21
0.33 0.72
0.26 0.58
0.08 0.18
0.10 0.23
0.20 0.44
0.09 0.21
0.15 0.34




TABLE 6. CONTINUOUS FREON CONCENTRATION MEASUREMENTS AT
SITE 6 (CONTINUED).

SITE 6 -- CLEAN ROOM 12
TEST BEGIN: 15 September 0700
TEST END: 17 September 0100

SUM OF AVERAGE
TIME & DURAT [ ON EVENT EVENT EVENT CONCENTRAT[ON QUANTITY
DATE TIME NUMBER AREAS LIFESPAN FOR EVENT EMITTED
(ninutes) {pom-mins) (minutes) (pom) (kgs Lbs)

1500- 1600 60 1 6105 10 610 0.23 0.50
2 2238 6.4 350 0.08 0.18
3 1994 5.6 356 0.07 0.16
4 2092 4 523 0.08 0.17
5 3380 5.2 650 0.13 0.28
é 5727 13 447 0.21 0.47
7 I é 632 0.4 0.3
8 5837 28 206 0.22 0.48

1600- 1900 180 0

1900-2008 68 1 1751 13 137 0.07 0.4

2052-2100 8 0

2100-2200 60 0

2200-2300 60 1 7589 17 bt 0.28 0.62

2300-2400 &0 0

16 Sept

2400-0100 60 1 7047 16 430 0.26 0.58

0100-0456 3156 0

0658-0800 62 1 4724 12 181 0.18 0.39
2 774 2 387 0.03 0.06
3 4956 16 310 0.19  0.41

0800-0900 60 multiple 38875 &7 824 1.5 3.2

0900- 1000 40 multiple 16404 26 554 0.54 1.2

1000- 1100 60 1 5343 6 891 0.20 0.44

1100-1200 60 1 nen 6.8 467 0.12 0.26
2 3717 8 445 0.4 0.3
3 5498 é 916 0.2Y 0.45
4 5963 16 73 0.22 0.49
b 2710 é 452 0.10 0.22
6 1872 é 645 0.14 0.32
7 5266 16 329 0.20 0.43




TABLE 6. CONTINUOUS FREON CONCENTRATION MEASUREMENTS AT
SITE 6 (CONCLUDED).

SITE 6 -- CLEAN ROOM 12
TEST BEGIN: 15 September 0700
TEST END: 17 September 0100

SUM OF AVERAGE
TIME & DURATION EVENT EVENT EVENT CONCENTRATION QUANTITY
DATE TIME NUMBER AREAS LIFESPAN FOR EVENT EMITTED
(minutes) {ppm-mins) (minutes) (pem) (kgs \bs)

1200-1249 49 o]

1269-1400 7 1 4027 A 915 0.15 0.33
2 6582 5.2 1266 0.25 0.5
3 7124 8 891 0.27 0.59
4 5034 7.2 699 0.19 0.41
5 6660 7.2 925 0.25 0.55
é 14326 26 597 0.54 1.18
7 1084 12 90 0.06 0.09

1400-1413 13 1 7139 8.8 811 0.27 0.59

1434-1600 8% 1 6490 5.6 1159 0.26 0.53
2 4218 4 1055 0.16 0.35
3 4381 7.6 840 0.26 0.52
4 11573 16 742 0.43 0.95
S 16008 23 690 0.60 1.32
6 18604 18 1034 0.70 1.53

1600-1700 60 0

1700-1800 60 1 1947 1.6 1217 0.07 0.16

1800-2100 180 0

2100-2200 60 1 10059 18 559 0.38 0.83

2200-2300 60 0

2300-2400 60 1 10059 17 585 0.38 0.83

17 Sept

2400-0100 60 1 11249 18 611 0.42 0.93

Total: 2453 16 34

minutes kg pounds
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TABLE 7. CONTINUOUS FREON CONCENTRATION MEASUREMENTS AT SITE 7.

SITE 7 -- CLEAN ROOM 12
TEST BEGIN: 15 September 04600
TEST END: 16 September 2300

SUM OF AVERAGE
TIME & DURATION EVENT EVENT EVENT CONCENTRATION QUANTITY
DATE TIME NUMBER AREAS LIFESPAN FOR EVENT EMITTED
{(minutes) {pom-mins) (minutes) {pom) (kgs ibs)
15 Sept
0604 -0800 116 0
0800- 1000 120 1 27042 34 2080 3.6 7.9
2 39835 27 3064 4.2 9.3
1000-1100 60 1 4729 8.5 364 0.2 0.34
1100-1200 60 1 5578 10 429 0.2 0.48
1200-1300 60 1 7033 4 541 0.1 0.24
2 2243 1.5 173 0.0 0.03
1300-1400 60 1 13824 9 1063 0.5 1.1
1400-1500 60 0
1500- 1600 40 1 2001 1.5 154 0.01 0.03
2 4608 1 354 0.02 0.04
1600- 1900 60 0
1940-2132 112 1 17265 13 1328 0.9 1.9
2 29763 16 2289 1.9 4.1
2200-2400 60 0
16 Sept
2600- 1056 656 0
1116-1300 104 0
1300-1400 60 1 9275 1 713 0.4 0.83
1600- 14644 [ 0
1444-1700 134 1 106463 13 8189 5.2 12
1700-2300 3460 0
Total: 2186 17 37
minutes kg pounds




TABLE 8. CONTINUOUS FREON CONCENTRATION MEASUREMENTS AT SITE 8.

SITE 8 -- CLEAN ROOM 12
BEGIN: 15 September 0700
END: 17 September 0120

SUM OF AVERAGE

TIME & DURATION EVENT EVENT EVENT CONCENTRATION QUANTITY
DATE TIME NUMBER AREAS LIFESPAN FOR EVENT EMITTED
T (minutes) __ = {(pom-mins) (minutes) {pom) (kgs Lbs)
0700-0800 60 1 21517 6 3586 6.5 14
0800-0900 60 1 49669 19 2614 15 33
0900-0959 59 multiple 7273 59 1233 2 48
0959-1100 61 multiple 49991 61 820 15 33
1100-1200 60 1 1933 é 322 0.6 1.3
1200-1300 60 1 5540 15 369 1.7 3.7

2577 7 368 0.8 1.7
1300-1400 60 1 16105 18 895 4.9 1
1400-1500 60 1 5347 19 281 1.6 3.6
1500- 1600 60 1 5540 15 369 1.7 3.7
1600-1700 60 0
1700- 1800 60 1 4832 15 322 1.5 3.2
1800-1848 “8 0
1920-2000 40 0
2000-2200 120 1 23653 25 946 7.1 16
2200-2300 40 0
2300-2400 60 1 4651 17 274 1.4 3.
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TABLE 8.

CONTINUOUS FREON CONCENTRATION MEASUREMENTS AT
SITE 8 (CONCLUDED).

SITE 8 -- CLEAN ROOM 12
BEGIN: 15 September 0700
END: 17 September 0120

TIME & DURATION EVENT
DATE TIME NUMBER
(minutes)

16 Sept
2400-0700 480 0
0700-0800 60 multiple
0800-0900 60 1

2
0900- 1000 60 1
1000-1055 55 1
1140-1200 20 0
1200-1300 40 1]
1300- 1400 60 1
1400-1500 60 1
1500-14600 40 0
1600- 1700 &0 1
1700-1800 &0 1

2
1800- 1900 60 1
1900~ 2000 60 1
17 Sept
2000-0120 320 9
Total: 2523

minutes

SUM OF

EVENT

AREAS

20730

17142
5515

1595

$515

4903

237

1423
2530

36532

4744

24

EVENT
LIFESPAN

(pom-mins) (minutes) {pom)

52

26
1"

1

21

13

18

o~

21

13

AVERAGE
CONCENTRATION QUANTITY
FOR EVENT EMITTED
(kgs ibs)
399 6.3 14
659 5.2 1"
501 1.7 3.7
145 0.5 1.1
263 1.7 3.7
392 1.5 3.3
338 1.8 4.0
339 0.7 1.6
203 0.4 0.9
422 Q.8 1.7
1740 11 24
365 1.4 3.2
113 248
kg pounds




that the CA unit was regenerated approximately once per year. The results of an inventory study
performed in August 1988 indicated that the regeneration schedule shouid be stepped up to at
least three times per week. A critical part of this test effort was to prove or disprove this
contention and to evaluate process alternatives to improve CA system operation and solvent
recovery efficiencies.

For the CA 3 test, which was conducted over a 56-hour period, influent and effluent
Freon concentrations were measured, as well as influent TCA concentrations (as described in
Section lll). The test was started at 0938 on 13 September 1988 and ended at 1731 on
15 September 1988. Although the process booths exhausted to the CA bed are used
intermittently, there is a continuously operated 10-hp fan located immediately upstream of the
bed. Thus, there is a constant flow of air into the bed, unlike the sources tested at Sites 1 to 8,
which are footpad activated.

The results of the CA 3 test are presented in Table 9. In this table, influent Freon
concentrations (which measure the loading rate of the bed) are given. As stated previously, one
cf the primary objectives of this test series was to evaluate the operating efficiency of CA 3. A
critical part of this evaluation was to determine how quickly breakthrough occurs after bed
regeneration. For this reason, the bed was regenerated at 0300 on 14 September; thereafter,
both the influent and effluent Freon concentrations were closely monitored. It was found that
treakthrough occurred at approximately 1200 on 15 September. As expected, the Freon
concentration measured in the CA 3 effluent duct did not rise significantly when breakthrough
occurred. Rather, the strip chart recording indicates that the concentration rose just slightly
above the baseline and leveled off somewhat. Shortly after, the concentration again rose slightly,
to approximately S0 ppm.

The test was ended at 1531 on 15 September. TCA was detected in the CA 3 influent
only once in the first 24 hours of operation. Approximately 200 ppm of TCA was detected for
less than 5 minutes. Based on this result, it was determined that there is not enough TCA
present in the CA 3 bed influent to affect the Freon concentration data.

During the calibration of the influent Freon monitor at 0232 on 14 September, the
instrument began to drift. The monitor that was measuring concentrations in the effluent was
relocated to read influent concentrations, while repair efforts were made on the drifting
instrument. This was a reasonable course of action because, as discussed earlier, the effluent
monitor was used only to determine whether or not breakthrough had occurred. Because
breakthrough had indeed occurred the previous day, there was no reason to leave the monitor
in the erfluent duct.

At 0800 of the same day (14 September) it was determined that the monitor could not
be repaired before the bed was regenerated at 0900. !t was critical that the effluent concentration
be constantly monitored after regeneration to determine breakthrough. Thus, the spectrophoto-
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TABLE 9. CONTINUOUS FREON CONCENTRATION MEASUREMENTS AT CA 3.

CARBON ADSORPTION BED 3
BEGIN: 13 September 1000
END: 15 September 1731

SUM OF AVERAGE
TIME & DURATION EVENT CONCENTRATION QUANTITY
DATE TIME AREAS FOR EVENT INFLUENTE
{minutes) (ppm-mins) (ppm) (kgs Lbs)
13 Sept
1000-1100 60 5737 96 3.9 8.5
1100-1200 60 8640 144 5.8 13
1200- 1300 60 13824 230 9.3 21
1300- 1400 60 12856 214 8.7 19
1400- 1500 60 1728 29 1.2 2.6
1500- 1600 &0 7430 124 5.0 1"
1600-1700 60 588 10 0.4 0.9
1700-1800 50 4147 69 2.8 6.2
1800- 1900 60 175 20 0.8 1.7
1900-2000 60 3076 51 2.1 4.5
2000-2100 60 5426 90 3.7 8.1
2100-2200 60 6359 106 4.3 9.4
2200-2300 60 3007 S0 2.0 4.5
2300-2400 &0 1763 29 1.2 2.6
14 Sept
2400-0100 60 4355 73 2.9 6.5
0100-0200 60 5564 93 3.8 8.3
0330-0400 30 5342 178 3.6 7.9
0400-0500 60 3662 61 2.5 5.4

2The effluent Freon concentrations from CA 3 were slso
monitored. However, because of the infrequent regeneration
schedule, it may be assumed that the total quantity of Freon
influent to CA 3 is the same as the quantity emitted, over
the operstion time scale. For this reason, only the influent
quantity is reported in this table.




TABLE 9. CONTINUOUS FREON CONCENTRATION MEASUREMENTS AT CA 3 (CONTINUED).

CARBON ADSORPTION BED 3
BEGIN: 13 September 1000
END: 15 September 1731

SUM OF AVERAGE
TIME & DURATION EVENT CONCENTRATION WANTITYa
DATE TIME AREAS FOR EVENT INFLUENT
{minutes) (pom-mins) (pom) {kgs ibs)
0500- 0600 60 3293 55 2.2 4.9
0600-0700 60 8064 134 5.4 12
0700-0800 &0 6317 105 4.3 9.4
0800-0900 60 8702 145 5.9 13
System Regeneration
0900- 1000 60 4469 74 3.0 6.6
1000-1100 60 15590 260 1 23
1100- 1200 60 11088 185 7.5 16
1200- 1300 60 11726 195 7.9 17
1345-1400 15 605 &0 0.4 0.9
~ 1400-1500 60 3494 S8 2.4 5.2
1500-1600 60 7291 122 4.9 11
1600-1700 60 10114 169 6.8 15
1700- 1800 60 17539 292 12 26
1800- 1900 60 1512 25 1.0 2.2
1900-2000 60 706 12 0.5 1.0
2000-2100 60 1075 18 0.7 1.6
2100-2200 60 14314 239 9.7 21
2200-2300 . &0 4838 81 3.3 7.2
2300-2400 60 3528 59 2.4 5.2
2400-0030 30 3024 101 2.0 4.5

3 The effluent Freon concentrations fram CA 3 were also
monitored. MNowever, because of the infrequent regeneration
schedule, it may be assumed that the total quantity of Freon
influent to CA 3 is the same as the quantity emitted, over
the operation time scale. Ffor this reason, only the influent
qQuantity is reported in this table.
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TABLE 9. CONTINUOUS FREON CONCENTRATION MEASUREMENTS AT CA 3 (CONCLUDED).

CARBON ADSORPTION BED 3
BEGIN: 13 September 1000
END: 15 September 1731

SUK OF AVERAGE
TIME & DURAT ION EVENT CONCENTRATION QUANTITY
DATE TIME AREAS FOR EVENT lllFLUEHTa

(minutes) (ppm-mins) (pom) (kgs ibs)
15 Sept
0112-0200 48 11000 229 7.4 16
0200-0300 60 7148 119 4.8 1"
0300-0400 60 14655 264 9.9 2
0400-0500 60 3395 57 2.3 5.0
0500- 0600 60 228 4 0.2 0.3
0600-0700 60 4961 83 3.4 7.4
0700-0800 60 14525 262 9.8 22
0800- 0900 60 3003 50 2.0 4.5
0900- 1000 50 10510 175 7. 16
1000- 1100 60 8748 1466 5.9 13
1100- 1200 60 9270 154 6.3 14
System Breakthrough
1200- 1300 60 21640 361 15 32
1300- 1400 60 7344 122 s.0 n
1400- 1500 60 9564 159 6.5 14
1500- 1600 60 35251 588 24 52
1600-1700 60 9466 158 6.4 1%
TOTAL 3 2 s

minutes kg pounds

2 The effluent Freon concentrations from CA 3 were also
monitored. However, because of the infrequent regeneration
schedule, it may be assumed that the total quantity of Freon
influent to CA 3 is the same as the quantity emitted, over
the operation time scale. For this reason, only the influent
quantity is reported in this table.
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meter was reset to read the same wavelength as the Freon monitor (9um), recalibrated with
Freon, and placed in the CA 3 exhaust duct to measure effluent Freon concentrations. This was
done because the spectrophotometer was no longer needed to measure TCA concentrations (as
described previously, it was already established that little or no TCA was present in the CA 3
influent).

8. Carbon Adsorption Bed 4

There are at least nine individual solvent spray booths, flush booths, and workstations
that are vented to CA 4. Some of the sources are used heavily for one to two shifts per day.
Until recently, this CA unit was regenerated approximately once per year. The resuits of an
inventory study performed at Newark AFB in July 1988 suggest that the regeneration schedule
should be approximately twice per week. An important part of this test effort was to prove or
disprove this contention. Unfortunately, due to a malfunctioning liquid solvent separator unit
(which is used to remove the recovered solvent from the condensed steam), the CA 4 unit could
not be regenerated the week of the test. The field crew was therefore not able to test throughout
an entire regeneration cycle. For this reason, it was not critical to monitor the CA 4 effluent
solvent concentration.

For the CA 4 test, which was conducted over a 28-hour period, influent Freon
concentrations were measured, as well as influent TCA concentrations (as described in
Section 3). The test was started at 1915 on 15 September 1988 and ended: at 2253 on
16 September 1988. Because no third shift operates on Friday nights, there was no reason for
continuing the test through the morning of 17 September.

The operating characteristics of CA 4 are very similar to those of CA 3, except that
fewer sources are connected to CA 4, so the influent concentrations are much lower. As with
CA 3, there is a continuously operated 10-hp fan located immediately upstream of the bed.
Thus, there is a constant flow of air through the bed.

The resuits of the CA 4 test are presented in Tabie 10. In this table, influent Freon
concentrations (which measure the loading rate of the bed) are given. As with the CA 3 resuilts,
no TCA was measured in the influent stream.

B. AIR FLOW RATE MEASUREMENTS

Two types of air flow rate measurements were performed in this test series. The first
involved using EPA Method 2 for the measurement of flow rates in ducts. The second
measurement required the use of an anemometer to determine flow rates at open faces. Each
of these measurements is discussed separately in the following sections.

1. Air Flow Rate Measurements in Ducts

As described in Section Il, air flow rate measurements were taken in all the ducts in
which Freon concentrations were monitored. The results of these measurements are presented
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TABLE 10. CONTINUOUS FREON CONCENTRATION MEASUREMENTS AT CA 4.

CARBON ADSORPTION BED &
BEGIN: 15 September 1915
END: 16 September 2253

SUM OF AVERAGE
TIME & DURATION EVENT CONCENTRATION QUANTITY
DATE TIME AREAS FOR EVENT INFLUENT 3
(minutes) (ppm-mins) {pom) (kgs _ lbs)
15 Sept
1915-2000 45 0 0 0 0
2000-2100 60 0 0 0 0
2100-2200 &0 0 0 0 o
2200-2300 60 0 0 1] o
2300-2400 60 0 0 0 0
2400-0100 60 0 0 0 0
16 Sept
0100-0200 ] 0 ] 0 0
0200-0300 60 0 e 0 0
0300-0400 50 0 0 0 ]
0400-0500 60 ] 0 0 e
0500- 0600 60 0 0 ] 0
0600-0700 60 0 ] ] 0
0700-0800 60 3543 59 2.3 5.0
0800-0848 48 4012 8 2.6 5.6
0938-1000 2 ] ] 0 ]
1000-1100 60 8294 138 5.3 12

2 The effluent Freon concentrations from CA & were also
monitored. HNowever, because of the infrequent regeneration
schedule, it mey be assumed that the total quantity of Freon
influent to CA 4 is the same as the quantity emitted, over
the operation time scale. For this resson, only the influent
quantity is reported in this table.




TABLE 10. CONTINUOUS FREON CONCENTRATION MEASUREMENTS AT CA 4 (CONCLUDED).

CARBON ADSORPTION BED &
GEGIN: 15 September 1915
END: 16 September 2253

SUM OF AVERAGE
TIME & DURATION EVENT CONCENTRATION QUANTTY
DATE TIME AREAS FOR EVENT INFLUENT
(minutes) (ppm-mins) {pom) (kgs Lbs)
1100- 1200 60 1476 25 Q.9 2.1
1200-1300 60 17296 288 1" 26
1300-1400 60 10262 m 8.5 14
1400-1417 17 3099 182 2.0 4.3

changed chart speed at 1417

1417-1500 43 2057 48 1.3 2.9

1500-1600 60 1933 32 1.2 2.7

1600-1700 &0 1481 25 0.9 2.

1700- 1800 &0 1053 18 0.7 1.5
1800- 1900 &0 0 0 0 0
1900-2000 40 0 0 0 0
2000-2100 60 0 0 0 0
2100-2200 60 0 0 0 0
2200-2253 53 0 ] 0 ]
1608 " 35 76

minytes kg pounds

3The effluent Freon concentrations from CA 4 were also
monitored. However, because of the infrequent regeneration
schedule, it may be assumed that the total quantity of Freon
influent to CA 4 is the same as the quantity emitted, over
the operation time scale. For this reason, only the influent
Quantity is reported in this table.
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in Table 11. The original test plan called for two flow rate measurements to be taken at each site
tested. This was done successfully at Sites 1, 2, 3, 6, and 7, and at the influent ducts of CA 3
and CA 4. Because testing was performed for only one work cycle at Site 4, only one air flow
measurement was performed. |

At Site 5, only one measurement was taken because the fieid craw found it extremely
difficult to measure air flow rates at any time other than the middle of the day (the emission
source connected to the Site 5 duct was used intermittently for only one shift per day).
Generally, the time the equipment was used was less than that required to accurately measure
the flow. For this reason, only one flow rate measurement was taken at Site 5.

A similar problem occurred in measuring the sources in the Clean Room 12 area. Due
to the infrequent and intermittent use of these sources, the field crew found it difficult to measure
air flow rates. Often, the exhaust fans are not on for a sufficient length of time to permit an
accurate measurement. Sites 6, 7, and 8 were nearby, and the field crew had to rush up and
down the narrow walkway between sites when they heard a source fan turn on. Due to the
awkwardness of the situation, only one flow rate measurement was taken at Site 8.

The small difference between influent air flow rate measurements taken in the morning
and evening of 16 September at the CA 4 inlet is most likely due to the opening and closing of
source vents and duct fans connected to the CA 4 system. Great effort was expended tc ensure
that all source vents contributing to CA 4 remained open for the duration of the test. However,
this did not always occur. In some cases, workers complained of the excess noise levels
resulting from the use of the contributing fans and vents. Often, these fans were turned off
despite the presence of warning signs instructing the workers not to turn off fans and close
vents.

The difference between influent and effluent air flow rate measurements taken at CA 4
on 16 September is 7.2 percent. This is remarkably low, because laminar conditions did not
" exist in the CA 4 influent duct. Furthermore, 7.2 percent is no more significant than variations
measured at the other sites (compare the air flow rate measurement taken at Site 6). This is
discussed more fully in Section ViI.

2. Air Flow Rate Measurements at Open Faces

Linear air flow rate measurements were taken at the front faces of the process booths

connected to CA 3 and CA 4. The results of these measurements are presented in Table 12.
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TABLE 11. FLOW RATE MEASUREMENTS FOR SITES 1-8 AND CARBON
ADSORPTION BEDS 3 AND 4.

ocation Date & Time Flowrate (scfm)
Site 1 14 Sept 0240 m
14 Sept 1240 732
Site 2 14 Ssept 0250 1132
14 sept 1210 1967
Site 3 13 Sept 372
15 Sept 1430 393
Site 4 13 Sept 425
Site 5 15 Sept 2250 1189
Site & 15 sept 2200 154
16 Sept 1437 164
Site 7 15 Sept 2220 212
16 Sept 1447 217
Site 8 15 sept 2235 1285
CA 3 influent 14 Sept 0125 2841
14 Sept 1340 2883
CA 3 effluent 14 Sept 0050 2790
CA &4 influent 15 Sept AM 2488
16 Sept 2300 2934
CA 4 effluent 16 Sept 2300 T3




TABLE 12. AIR FLOW RATES AT PROCESS BOOTHS AND WORK STATIONS
CONNECTED TO CARBON ADSORPTION SYSTEMS 3 AND 4.

Linear
Work Area Room [Flowrate (fpm) Process Booth Configuration
Clean Room 3 41E28 150 Freon Booth with 8 inch access ports
fitted with siit rubber covers
200-250 Freon booth with open, 8 inch sccess
ports
L1E27 160 Freon booth with open, 8 inch access
ports
41F26 10 Freon spray booth with open, 8 inch
access ports
41F27 100 TCA hood with slide-up front window;
at recommended operating height, the
open ares is 3.5 feet by 1.5 feet
200 Freon booth with 8 inch access ports
fitted with slit rubber covers
150 Freon booth with open, 8 inch access
ports
41F28 150-17% Freon booth with open, 8 inch access
ports
Clean Room & L1E24 500 Freon booth with open, 4 inch access
ports
L1F24 600 Freon bootr; with open, 4 inch access
ports
25 Freon or TCA booth with open, B inch
access ports
41F21C 125 Small cantilevered booth with open,
8 inch access ports used for Frecn
spray can operations
Clean Room 7 41E32 20-40 TCA spray booth with free swinging
front face; 8 inch open access ports
120-140 Freon spray booth with free swinging
front face; 8 inch open access ports
Nt Freon spray booth with free swinging

front face; 8 inch open access ports.
Fan not in operstion




TABLE 12. AIR FLOW RATES AT PROCESS BOOTHS AND WORK STATIONS

CONNECTED TO CARBON ADSORPTION SYSTEMS 3 AND 4

(CONCLUDED).
Linear
work Area Room Flowrate (fom)
Clean Room 10 41K29 100-200
41428 250 with fan
<70 without fan
Clean Room 2 41C23 80-110 with pad
activation
10-30 without
pad activation
Process Rooms 41H25 140-200
41022 750-1000
41H17 S0
300
41425 200
41120 200-300

Process Booth Configuration

Freon spray booth with free swinging
front face and 8 inch access ports
fitted with slit rubber covers

Freon spray booth with 8 inch access
ports fitted with slit rubber covers;
Exhaust fan is extremely loud, thus it
is generally not left on

Freon spray booth with slide-up front
window; equipped with open, 8 inch
access ports; booth is footpad
activated

Freon booth with open, rectangular
face; dimensions of open area are
1 feet by 3.5 feet

Freon spray booth with open, 4 inch
access ports

freon booth with open, rectangular
face; dimensions of open areas are
3 feet by 2.5 feet

Freon booth with 8 inch access ports
fitted with slit rubber covers

Freon spray booth with latching, free
swinging front face; 8 inch access
ports fitted with slit rubber covers

Freon spray booth with latching, free
swinging front face; 8 inch access
ports fitted with slit rubber covers

(Note that the diameters and open areas repocrted here are approximate)
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SECTION VvV
ENGINEERING EVALUATION AND DISCUSSION

In this section, the implication of the results presented in Section Il are discussed. Each
of the three principal areas (Peacekeeper, Refurbishing, and Clean Room 12) is discussed in
detail in Sections A through C. In Section D, a general description of CA system operation is
included to explain fully the engineering evaluation (presented in D and E) of the sites denoted
as CA 3 and CA 4. In Section F, the results from the field testing efforts are compared to the
results of an inventory performed on this facility in July 1988.

A. SITES 1 AND 2 -- PEACEKEEPER AREA

It is not known specifically how many point sources of Freon are connected to the exhaust
duct denoted as Site 1. Due to the moderately high emission rate measured during this test,
it is suspected that more than one source of Freon emission is connected to the Site 1 duct.
Emissions totalling 32 kg (70 pounds) were measured during the Site 1 test. Assuming
260 working days per year, and assuming that the operating cycle measured is normal (i.e., this
work station always operates three shifts per day, 5 days per week), then the total quantity of
Freon that is emitted annually from the sources connected to this exhaust duct is on the order
of 5,500 kg (12,200 pounds).

Before testing efforts were initiated at Newark AFB, attempts were made to ensure that the
operations tested would be representative of activities normally occurring throughout the year.
in comparing the results obtained for a specific site from two consecutive days, it was
determined that operational variability is quite high. In fact, some sites varied by more than
40 percent, and one site varied by nearly 80 percent! Because of this variability factor, a
reasonable percent range should be applied to the results obtained from Site 1 (as well as all
the other sites).

A 25-percent variability range was selected. Although 25 percent is on the low end of the
operation variations observed during the test, it should be considered that the average daily
emissions rate reported here was obtained during the 2-day period in which these variations
were observed. Thus the day-to-day variations have been somewhat taken into account.

Assuming that the operating cycle measured during the emissions testing period at Site 1
is within 25 percent of what could be considered "normal” operation, a reasonable estimate for
the total amount of Freon emitted annually from Site 1 is 4,160 to 6,930 kg (9,150 to
15,250 pounds).

It is not known specifically how many point sources of Freon are connected to the exhaust
duct denoted as Site 2. Due to the high emission rate measured during this test, it is suspected
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that there are multiple sources of Freon emissions vented to the Site 2 duct. Total emissions
of 112 kg (246 pounds) were measured over the duration of the Site 2 test. Assuming that there
are 260 working days per year, and assuming that the operating cycle measured is normal (i.e.,
this work station always operates three shifts per day, 5 days per week), then the total quantity
of Freon that is emitted from this facility annually is on the order of 19,400 kg (42,700 pounds).
Assuming that the operating cycle measured during the emissions testing period is within
25 percent of what could be considered "normal” operation, a reasonable estimate for the total
amount of Freon emitted annually from Site 2 is 14,600 to 24,300 kg (32,000 to 53,500 pounds).
B. SITES 3, 4, AND 5 -- REFURBISHING AREA

As described in Section lll, the exhaust duct denoted as Site 3 is connected to a flush
station located in the refurbishing area. Total emissions of 13 kg (29 pounds) were measured
over the duration of the Site 3 test. Assuming that there are 260 working days per year, and
assuming that the first 24-hour operation cycle measured is "normal” (i.e., this work station
always operates one shift per day, 5 days per week), then the total quantity of Freon that is
emitted from this site annually is on the order of 3,400 kg (7,500 pounds). The data from the first
24-hour measurement cycle are used solely in this evaluation because the data from the second
24-hour cycle are incomplete, as indicated in Table 3. Assuming that the operating cycle
measured during the emissions testing period is within 25 percent of what could be considered
‘normal” operation, a reasonable estimate for the total amount of Freon emitted annually from
Site 3 is 2,500 to 4,200 kg (5,570 to 9,300 pounds).

The exhaust duct denoted as Site 4 is connected to a spray booth located in the
refurbishing area. Total emissions of 1.8 kg (4.0 pounds) were measured over the 1.3-day
duration of the Site 4 test. Assuming 260 working days per year, and assuming that operation
cycles measured during the 1.3 days are typical for this source (i.e., it is always operated one
shift per day, 5 days per week), then the total quantity of Freon emitted from this site annually
is on the order of 390 kg (860 pounds). 2ssuming that the operating cycle measured during the
emissions testing period is within 25 percent of what could be considered "normal® operation,
a reasonable estimate for the total amount of Freon emitted annually from Site 4 is 290 to 490 kg
(640 to 1,070 pounds).

As described in Section lll, the exhaust duct denoted as Site 5 is connected to three vented
work stations located in the refurbishing area; however, only one work station appears to be a
Freon emission source. Total emissions of 1.4 kg (4.0 pounds) were measured over the duration
of the Site 5 test. Assuming 260 working days per year, and that operation cycles measured
during the test are typical for this source (i.e., it is always operated one shift per day, 5 days per
week), then the total quantity of Freon emitted from this site annually is on the order of 200 kg
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(450 pounds). Assuming that the operating cycle measured during the emissions testing period
is within 25 percent of what could be considered "normal” operation, a reasonable estimate for
the total amount of Freon emitted annually from Site 5 is 152 to 250 kg (340 to 5€0 pounds).
C. SITES 6, 7, and 8 - CLEAN ROOM 12

Continuous Freon concentration measurements at Site 6 occurred over a 42-hour period.
As indicated by the results given in Table 6, this source is used quite frequently for two shifts per
day; however, overall Freon usage appears to be relatively low. Total emissions of 16 kg
(35 pounds) were measured over the duration of the Site 6 test. Ass-uming that there are
260 working days per year, and assuming that operation cycles measured during the test are
typical for this source (i.e., it is always operated two shifts per day, 5 days per week), then the
total quantity of Freon that is emitted from this site annually is on the order of 2,450 kg
(5,360 pounds). Assuming the operating cycle measured during the emissions testing period
is within 25 percent of what could be considered "normmal” operation, a reasonable estimate for
the total amount of Freon emitted annuaily from Site 6 is 1,840 to 3,060 kg (4,040 to
6,730 pounds).

Continuous Freon concentration measurements at Site 7 occurred over a 41-hour period.
As indicated by the resuits given in Table 7, this source is used infrequently during two shifts per
day, however, large quantities of Freon are used when this source is activated. Total emissicnrs
of 17 kg (37 pounds) were measured over the duration of the Site 7 test. Assuming 260 working
days per year, and assuming that operation cycles measured during the test are typical for this
source (i.e., it is always operated two shifts per day, 5 days per week), then the total quantity of
Freon that is emitted from this facility annually is on the order of 2,960 kg (6,510 pounds).
Assuming the operating cycle measured during the emissions testing period is within 25 percent
of what could be considered "normal® operation, a reasonabie estimate for the total amount of
Freon emitted annually from Site 7 is 2,220 to 3,700 kg (4,900 to 8,140 pcunds).

Continuous Freon concentration measurements at Site 8 occurred over a 42.5-hour period.
As indicated by the results given in Table 8, this source is used quite frequently for two shifts
per day, and large quantities of Freon are used when this source is activated. Total emissions
of 113 kg (248 pounds) were measured over the duration of the Site 8 test. Assuming
260 working days per year, and assuming the operating cycle measured during the test is typical
for this scurce (i.e., it is always operated twc shifts per day, 5 days per week), then the total
quantity of Freon emitted from this facility annually is on the order of 16,790 kg (36,940 pounds).
Assuming the operating cycle measured during the emissions testing period is within 25 percent
of what could be considered "normal” operation, a reasonable estimate for the total amount of
Freon emitted annually from Site 8 is 12,600 to 21,000 kg (27,700 to 46,200 pounds).
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D. CARBON ADSORPTION SYSTEM 3
1. Influent Concentration Monitoring Results

Continuous Freon concentration measurements at CA 3 occurred over a 55-hour
pericd. A total of 52 hours worth of data were taken. As indicated by the results given in
Table 9, many of the sources vented to CA 3 are used three shifts per day. The fact that the
usage rates associated with these sources are extremely variable is also indicated in Tabie 9.
The total quantity of Freon influent to CA 3 in the 52-hour period studied is 272 kg (598 pounds).
Assuming 260 working days per year, and assuming that the operating cycles measured during
the test are typical for this system, the total quantity of Freon influent to CA 3 annually is ¢n the
order of 33,000 kg (72,600 pounds). Assuming that the CA 3 operating cycle measured during
the emissions testing period is within 25 percent of what could be considered “normal® operation,
a reasonable estimate for the total amount of Freon deposited in CA 3 annually is 24,500 to
41,250 kg (54,500 to 90,750 pounds).

According to the information presented in Table 9, it is difficult to assess a daily
“average” influent concentration to CA 3. For example, during the first 24-hour period studied,
the total quantity of Freon deposited in the bed is 95 kg (210 pounds), and during the second
24-hour period, approximately 111 kg (244 pounds) were deposited. If the results of the
remaining 7 hours of data were extrapolated to 24 hours (and corrected for the fact that the
influent concentration between 1000 and 1700 is typically 40 percent higher than between 1700
and 1000), the third day’s deposition of Freon in the bed would be 169 kg (372 pounds). The
daily deposition rate estimated for CA 3 is 125 kg (280 pounds), which represents an average
of the three usage cycles measured. This assumption may be sormewhat low.

2. Determination of Optimal Regeneration Schedule

During an initial site visit to the Newark AFB facilities in February 1988, it was learned
by Acurex and EPA personnel that both CA 3 and CA 4 were regenerated only once per year.
It was suggested by Acurex to EPA and the Air Force that the infrequent regeneration of the bed
could account for a significant fraction of the unrecovered Freon. Subsequent communications
between Acurex, EPA, and Newark AFB presented possible solutions to the bed regeneration
problem. Based on these suggestions, Newark AFB personnel experimented to some extent to
find an acceptable regeneration schedule. Because the carbon adsorption systems in general,
and CA 3 in particular, were identified as potentially significant emissions sources, an extensive
test program focusing on CA 3 operation was developed. The objectives of the tests were

e To determine the loading rate of the bed under normal operation.

» To determine the breakthrough rate under normal operation.

o To determine whether or not breakthrough occurs before the hed is saturated.
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To understand these objectives thoroughly, it is necessary to give a brief description
of a typical CA bed operation cycle. When process air containing solvent vapor passes through
a CA bed, the solvents are picked up, or adsorbed, on the activated charcoal contained in the
bed. Depending on the physical attributes of the solvent (i.e., polarity and molecular weight),
the solvent molecules may be either tightly or loosely bound to the charcoal.

Tightly bound compounds are not easily reentrained in the process flow of air, so they
do not migrate easily through the bed. Compounds that are not tightly bound may become
reentrained, and migrate through the bed. Breakthrough (escape of solvent vapors from the CA
bed) may be due to bed saturation (when all the active sites on the charcoal are occupied) or
to solvent migration. The optimal design for a CA bed is one in which saturation occurs
simultaneously with breakthrough. The influent solvent concentration is a key parameter in
determining whether or not breakthrough occurs simultaneously with saturation. Process air
streams from sources that operate intermittently contain variable concentrations of solvent. If
intermittent operation results in large quantities of clean process air passing through the bed
between operations, significant solvent migration (and therefore early breakthrough) couid resuit.

Just prior to breakthrough, a CA bed should be regenerated to recover the solvents
collected by the bed, and to reactivate the charcoal. This is generally done by stripping the bed
with dry steam, which condenses, heats the bed and causes the solvent to volatilize off the
charcoal. Moisture that remains in the bed does not affect operation, because polar water
molecules will be preferentially replaced by organic (non-polar) molecules. The exception to
this is condensed moisture physically clogging the capillaries in the charcoal.

Regeneration of CA 3 occurred between 0900 and 1100 on 14 September. System
shutdown was not required during regeneration; thus, CA 3 was not taken offline at any time
during the regeneration cycle. Breakthrough was detected at approximately 1200 on
15 September. In the 27 hours between regeneration and breakthrough, approximately 120 kg
(264 pounds) were measured in the influent duct. The density of pure Freon is 1.57 kg per liter
(or 13.1 pounds per gailon); thus, the total volume of liquid Freon that was vented to CA 3 before
breakthrough was 76.4 liters (20.2 gallons). Assuming that CA 3 is composed of two
1,000-pound beds, and assuming a working capacity for Freon of 10 percent of carbon by
weight, the CA system should collect a maximum of 91 kg or 58 liters (200 pounds or
15.3 gallons). This amount is lower than the actual amount collected.

A carbon adsorption bed manufacturer was contacted to help explain this
inconsistency. It was learned that bed working capacities are extremely variable, and they can
change with age. Thus the selection of a 10 percent working capacity is somewhat arbitrary.
in addition, it was learned that the rated size of any given CA system is generally lower than the
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actual bed size (i.e., more carbon is present in the bed than the operating manual reports).
Thus, CA 3 may contain more than 1,000 pounds of carbon in each bed. The combination of
these two design factors can cause a 20-percent underprediction of the quantity of solvent a
specific bed will recover. Finally, the range of error on the Freon monitoring system is
approximately =20 percent (see Appendix B). All of these factors combined account for the
apparent loading capacity discrepancy.

The primary result of the CA 3 test is that breakthrough of solvent vapors does not
seem to occur prior to bed saturation. This implies that current bed operation is acceptable;
however, the regeneration schedule should be altered. As described previously, immediately
prior to initiation of the field tests in September 1988, a new regeneration schedule was
implemented in which bed regeneration occurs three times per week on Monday, Wednesday,
and Friday mornings. The test results indicate that regenerating CA 3 three to four times per
week is probably sufficient; however, the current regeneration schedule should be altered. For
example, if the bed is regenerated Friday morning, approximately 15 hours of operation occur
before the weekend recess. Over the weekend, the 10-hp fan located upstream of the bed
operates continuously, and in all likelihood, some of the Freon captured by the bed on Friday
is "blown" out of the bed by Sunday night. Thus, when the bed is again regenerated on Monday
morning, only a fraction of the Freon that was collected on Friday afternoon is recovered. The
intermittently heavy operating cycle that exists at Newark AFB makes it difficult to anticipate when
breakthrough will occur.

The optimal solution to the intermittency probiem is to install a feedback system in the
CA 3 effluent duct. When breakthrough is detected, the CA bed is automatically switched over
to regeneration mode. In this way, the guesswork involved in deciding when to regenerate is
eliminated. To install such a system on CA 3 should cost less than $10,000. If a feedback
system is installed, the CA systems may require some additional alterations.

As with most CA systems, CA 3 is equipped with two carbon adsorption beds.
Normally, systems of this type are operated in a single-pass mode, in which all the process air
is passed through one bed. When bed saturation and/or breakthrough occurs, the process air
is passed through the second bed while the first bed is regenerated. In this way, the potential
for breakthrough in one bed during regeneration of the other bed is eliminated. In addition, the
associated steam generation unit can be somewhat smaller, because only enough steam to
regenerate one bed per regeneration cycle is required, rather than two beds regenerated
sequentially.

CA 3 is not operated in single-pass mode. Currently, the process air stream flowing
into the CA 3 system is split between the two carbon beds, which are operated in parallel. When
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the system is regenerated, all the process air is directed through one bed while the other bed
is regenerated. When one bed is finished regenerating, the process air flow is directed through
it, and the other bed is regenerated. When both beds have been regenerated, the system
reverts to split pass operation.

The problem with this mode of operation is that, while the first bed is being
regenerated, the soivent vapor present in the air bypassed through the other bed is not adsorbed
(and therefore passes through the bed into the effluent). This is because breakthrough and/or
saturation has already been established in the bypass bed (otherwise, the system would not
require regenerating). This “dual-pass® operation mode is very unusual for two-bed carbon
adsorption systems. No references to a system that operates in this manner could be found in
a review of technical documents and discussions with CA system manufacturers. Thus, when
a feedback control system is installed, additional work should be done to convert the system to
single-pass operation. Each 1,000-pound bed should process the 2,800 scfm flow rate with little
difficulty.

An improved set regeneration schedule should be adopted immediately for CA 3 in
the interim before a feedback control system is installed. A set regeneration schedule shouid
take into consideration the operating cycles of the work stations vented to CA 3. At Newark
AFB, operations at work stations vented to CA 3 begin at approximately midnight on Sundays,
and terminate at approximately midnight on Fridays. If breakthrough occurs after approximately
30 hours of normal operation, then the regeneration schedule must be adapted to reflect this.
Regeneration should probably occur on Tuesdays at approximately 0600, Wednesdays at
approximately 1200, Thursdays at approximately 1800, and Fridays at approximately 2400. The
bed is therefore empty when operations begin again on Sunday night. Please note that this
schedule was developed for CA 3 assuming the current mode of operation (i.e., in the split-flow
mode). Ifthe CA 3 system is converted to single-pass operation and a set regeneration schedule
is adopted, then the regeneration of each bed should occur every 15 hours, so the entire system
is regenerated once every 30 hours.

If a set regeneration schedule is utilized, the effluent concentrations should be checked
daily to ensure that the proposed schedule is adequate. This is important because of the
dynamic nature of the operations taking place in the process rooms vented to CA 3. For
example, CA 3 was regenerated on Monday morning, 12 September, yet breakthrough was
already detected when the test started on Tuesday morning, 13 September. In this case,
breakthrough occurred in approximately 25 hours, and because the regeneration schedule was
set at 48-hour intervals, there was a period of nearly 23 hours in which Freon emissions were not
controlled.
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Of course, the need for guesswork and the daily monitoring of effluent concentrations
is eliminated with the use of a feedback control system, making it the optimal solution.

3. Evaluation of Current Freon Emission Source Integration of Carbon Adsorption
System 3

At the onset of this test program, it was anticipated that a possible strategy for making
CA 3 operate more efficiently would be to better integrate the sources contributing to the influent.
This strategy was motivated by the fact that continuously operated fans coupled with intermittent
source operation will cause large quantities of uncontaminated air to pass through the CA
system. Such an operation results in the reentrainment and possible emission of solvent vapors
before bed saturation occurs. As described previously, this combination will reduce the CA
system emission control efficiency. It was anticipated that improved system integration could
be achieved primarily through downsizing or elimination of the large, 10-horsepower fan located
immediately upstream of the CA bed (the fans are used to ensure that the requisite air flow rates
are maintained through process booths located a large distance from the connecting carbon
adsorption bed).

For reasons of health and safety, the current operating flow rates through the process
booths connected to CA 3 must be fully characterized before the suggestion of downsizing or
eliminating the fan can be made. As required by CSHA, the minimum flow rate into the procass
booths is 100 linear feet per minute. The results of a survey to determine the flow rates through
each of the sources contributing to the CA 3 influent was presented in Table 12. The results in
Table 12 indicate that some booths are on the lower limit required by OSHA; thus, the
downsizing of the fan associated with CA 3 may not be possible. Furthermore, it was found that
fan operation does not seem to cause bed breakthrough prior to bed saturation (as described
previously). For these two reasons, it was determined that alteration of the CA 3 ventilation
system is not necessary.

E. CARBON ADSORPTION SYSTEM 4
1. Influent Concentration Monitoring Results

Continuous Freon concentration measurements at CA 4 occurred during a 27-hour
period. As indicated by the results given in Table 10, the sources vented to CA 4 are used one
shift per day. The total quantity of Freon influent to CA 4 in the 24-hour period studied is
35 kilogram (76 pounds). Assuming 260 working days per year, and assuming that operating
cycles measured during the test are typical for this system, the total quantity of Freon that is
influent to CA 4 annually is approximately 9,100 kg (20,020 pounds). Assuming the operating
cycle measured during the emissions testing period is within 25 percent of what could be
considered "normal” operation, a reasonable estimate for the total amount of Freon deposited
in CA 4 annually is 6,830 to 11,380 kg (15,020 to 25,030 pounds).
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2. Determination of Optimal Regeneration Schedule

As described in Section Ill, testing during an entire regeneration cycle for CA 4 was
not possible due to a malfunction of the condensed liquid separator that operates in conjunction
with the regeneration system. It was therefore not possible to determine an optimal regeneration
schedule based on measurement results. However, by assuming that the 35 kg (77 pounds) of
solvent measured over the 27-hour test represents a typical duty cycle for CA 4, a reasonable
schedule can be calculated.

Because the CA 4 system is the same size as the CA 3 system (i.e., it comprises two
1,000-pound adsorption beds), it can be assumed that the same design parameters apply.
Theoretically, the CA 4 system should hold 58 liters (15.3 gallons) of Freon, however (for reasons
described previously), the actual amount deposited in the bed may be as high as 76 liters
(20 gallons). Assuming a maximum system load of 66.9 liters (17.6 gallons), the bed capacity
of CA 4 should be approximately 105 kg (230 pounds). At a usage rate of 35 kg (77 pounds)
per day, the bed should become saturated within 3 days. Based on this evaluation, it would
appear that regeneration shouid occur after 3 days of operation.

It is very likely that intermittent operation of the sources connected to CA 4, coupled
with the low influent Freon concentration, will cause solvent migration through the bed, which
in turn, will result in breakthrough before bed saturation. A system operating under these
conditions cannot function at maximum efficiency, because regeneration is required before bed
saturation occurs. Unfortunately, it was not possible to establish the validity of this theory;
however, it should be considered a very real possibility.

There are several possible solutions to this problem. One may eliminate air flow during
times that CA 4 is not being loaded. This can be accomplished in two ways. The least
expensive option is to turn off the 10-hp fan associated with CA 4 during process downtime (i.e.,
during the second and third shifts and over the weekend). Continuous flow through the bed (and
the resulting reentrainment and release of Freon vapors) will therefore be eliminated. An
alternative is to install a control circuit on the CA 4 fan so that it operates only when a connecting
process booth is in use (similar to the fans that operate in the exhaust ducts of the pad-activated
sources).

A second solution is to design the regeneration schedule to accommodate the
possibility of solvent breakthrough before saturation. This is not an optimal solution, because
excessive regeneration of a CA bed reduces the life of the bed and increases the required
carbon change-out rate.

In addition to reducing intermittent operation by turning off the fan during system
downtime, the best way to prevent breakthrough and subsequent release of Freon is to install




a feedback control system, by which regeneration is initiated whenever breakthrough is detected
in the effluent duct.

3. Evaluation of Current Freon Emission Source Integration of Carbon Adsorption
System 4

The integration of the sources connected to CA 4 was evaluated in a manner similar
to that applied to the source integration of CA 3. The results of a survey to determine the flow
rates through each of the sources contributing to the CA 4 influent are presented in Table 12.
It was found that the flow rate through some of the booths vented to CA 4 are on the lower limit
required by OSHA, thus downsizing the fan associated with CA 4 (and alteration of the ventilation
system) is not recommended.

F. COMPARISON OF THE TEST RESULTS WITH THE INVENTORY SURVEY
PERFORMED IN JULY 1988

1. Comparison of Test Results with Inventory Survey Results

The results of a solvent inventory performed at the Newark AFB Building 4 facility were
used to develop the test matrix used in the emissions profile evaluation and process
characterization of the facility. The results of the emissions evaluation and process characteriza-
tion (presented in this report) are compared to the results of the inventory in this section.

In the inventory report, the estimated quantity of Freon emitted from spraying and
flushing operations is 108,000 kg (238,000 pounds). The results of the testing efforts performed
on vented sources indicate that a total of 93,000 kg (204,600 pounds) was measured in the
exhaust ducts denoted as Sites 1-8 and CA 3 and 4. However, as discussed in the previous
sections, the quantity emitted from these sources annually could be as high as 116,550 kg
(256,400 pounds). Thus, the quantity of Freon emitied from process booths estimated in the
inventory report is in acceptable agreement with the test results.

in the inventory report, a significant fraction of the Freon lost to evaporation comes
from ultrasonic cleaners and degreasers. It is quite certain that few, it any, of the degreasers are
connected to exhaust ducts vented either to a carbon adsorption system, or the outside. In
addition, it is believed that few of the ultrasonic cleaners are vented. The inventory estimated that
these sources contribute 37,700 kg (83,000 pounds) per year to the total losses.

This number was obtained by querying the Newark AFB employees on how often the
ultrasonic cleaners are filled, and how often the degreasers are topped off. These activities are
performed by filling containers with solvent from Freon taps, and transporting the containers to
the degreasers or ultrasonic cleaners. Because these are quantized processes (i.e.,a certain
number of refills are required per day), the workers specified precisely how much solvent is
required daily to maintain operations. For this reason, there is great confidence in the quantity
estimated for these sources.
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Emissions from these uncontrolled sources were not evaluated during this test series
because they are not vented. These sources should be vented as soon as possible, and the
resulting emission rate should be evaluated to determine the resulting impact they may have on
CA system loading rates.

The inventory report concludes that, although nearly halt of the process rooms are
vented to one of the two CA systems, only 33 percent of the Freon lost to evaporation from
process operations passes into the CA systems. Conversely, 67 percent of the Freon lost from
process operations is NOT vented to the CA systems. The test resuits indicate that a total
quantity of 92,870 kg (204,310 pounds) is vented from the sites tested. Of this quantity,
51,130 kg (112,480 pounds), or 55 percent, is NOT vented to the CA beds. However, if one
considers the 36,700 kg (83,000 pounds) that is lost from the degreasers and ultrasonic cleaners
(which, it is believed, are also not vented), a total of 130,570 kg (287,250 pounds) is lost annually
and, of that, 88,830 kg (195,420 pounds), or 68 percent, is NOT vented to the CA systems. This
is in excellent agreement with the inventory results.

2. Comparison of Test Results to Actual Freon Loss Rates Reported in the Inventory
Survey

The mass balance results of the inventory survey performed in July 1988 pertain to
(e penca June 1987 'o June 1588. The survey established that, during this time gericd,
270,900 kg (596,000 pounds) of Freon was purchased, and 18,450 kg (40,600 pounds} was
manifested for disposal. Thus, 252,450 kg (555,400 pounds) was lost due to evaporation. Of
this quantity, 194,000 kg (427,000 pounds) was accounted for in the inventory study. The
evaporated Freon was not recovered due to poor CA system maintenance, non-vented sources,
and vented sources that are ducted directly to the atmosphere.

The test results can account for as much as 116,100 kg (255,420 pounds) if the highest
emissions loss range is assumed (+25 percent). By including the quantity of Freon lost from
nonvented sources estimated in the inventory (calculated to be more than 44,000 kg
(97,00C pounds]), the total accounted loss is 156,000 kg (343,000 pounds). The remaining Freon
may be accounted for, to some extent, by the process changes that were adopted by Newark
AFB in the interim between the early part of 1988 and the time the test was performed in
September 1988. One of the most significant changes is the elimination of losses from the
venting of Freon holding tanks.

Until September 1988 (immediately prior to testing), there were at least three Freon
holding tanks that were vented directly to CA 3. None of these tanks was equipped with sealing
valves; rather, the venting ducts were open completely to the CA 3 ventilation system. The
continuously operated 10-hp fan draws air through CA 3 was constantly pulling Freon vapors out
of these tanks (which are never empty), 24 hours per day, 7 days per week. Because Freon is
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very volatile, the operation of the large fan caused significant quantities of Freon to be vented
to CA 3.

The elimination of this source immediately prior to testing (in early September 1988)
resulted in a significant lowering ot the quantity of Freon lost from Newark AFB annually.
Because this source was eliminated before testing, the impact it had on the overall emissions
from Newark AFB could not be quantified. To accurately calculate the reduction in emissions
due to the elimination of this source, it would be necessary to completely characterize the CA
3 ventilation system (i.e., determine the duct sizes from every source to the CA bed; the draw
through each booth both during operation and while it is idle; the draw from each booth
equipped with its own exhaust fan; the distances from the sources to the CA bed). Obviously,
this is a complicated problem and out of the scope of this report. However, an order-of-
magnitude estimate of the Freon losses can be derived by making a few basic assumptions:

o Given that the fan associated with the CA 3 bed is 10-hp, and that the flow rate
through the bed is approximately 2,800 scfm, the total pressure drop due to the
parallel integration of all the sources ventilated by the fan is approximately
7 inches w.c.

° The pressure drop across the connection between the open storage tanks and
the venting duct is small (0.01 inches w.c.). This estimate is probabiy iow,
because there are 14 sources connected to CA 3, which implies an average
pressure drop of 0.5 inches w.c. across each source. Some are nearby and
some are located quite a distance from the bed.

*  The Freon concentration in the vicinity of the junction is assumed to be 15 percent
due to mixing of the duct air and the Freon vapor reieased from the tank. This
assumptior. is most likely quite low, because Freon is very volatile.

Applying Bernoulii's equation to determine the flow velocity in a pipe with a 0.01 inch

w.c. pressure drop, a flow rate of 2.2 cfm is calculated. At 15 percent by volume Freon, this
results in 0.3 cfm of Freon per minute, or 29,200 kg (64,240 pounds) per year. This value was
obtained by making some very conservative assumptions; actual emission rates could have
been twice as high or higher. Obviously these caiculations were performed based on
assumptions made without the benefit of measured resuits. However, they do give an indication
of the significant impact this source had on annual Freon emissions prior to its elimination.

By adding the estimated loss from nonvented holding tanks to the sum of accounted
Freon evaporation losses, a total of 182,000 kg (400,400 pounds) can be accounted for. Other
process changes that occurred between the inventory survey and the emissions testing, such
as the increased use of Cyl-sonic™ cleaning in the Clean Room 12/Refurbishing area, have
doubtlessly contributed to a reduction in emissions losses. However, quantifying the impact that
the reduction or elimination of emissions from these sources have on the overall emissions from
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Newark AFB is out of the scope of this project. In addition, other emissions sources that have
not been identified and vented directly to the outside may also exist, and therefore contribute
to the overall losses.

G. STRATEGY FOR CONTROL OF FREON EMISSIONS FROM SOURCES TESTED

The two locations that have uncontrolied Freon emission sources are the Peacekeeper and
Clean Room 12/Refurbishing areas. The most cost-effective approach for controlling Freon
emissions from these sources is to integrate the Peacekeeper source ventilation system with the
CA 3 and CA 4 ventilation systems, and install a dedicated solvent recovery system to control
emissions from the Clean Room 12/Refurbishing area. The test results indicate that the CA 4
system has sufficient capacity to process emissions from additional sources. Therefore,
ductwork should be modified to divert sources currently vented to the CA 3 control unit to the
CA 4 control unit. The Peacekeeper emission sources should then be tied into the CA 3 control
unit.

An additional carbon adsorption vapor recovery system equipped with a loading capacity
similar to the CA 3 and CA 4 units may be instalied to control the emissions from the Clean
Room 12/Refurbishing area. A CA system meeting the flow rate and loading specifications of
2,800 ctm and 226 kg per hour, respectively, will cost on the order of $285,000. This reflects only
the equipment and installation costs. In addition, the system incluces a steam stripper, but cces
not include a steam generator.
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SECTION V
CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS
From the data collected in this test effort (presented in Section lll) and the engineering
evaluation results (presented in Section IV); the following conclusions can be drawn:

The quantity of Freon emitted from the Peacekeeper, Refurbishing, and Clean
Room 12 areas total more than 54,432 kg (120,000 pounds) per year; thus emissions
from these areas should be targeted for major reduction.

The emission sources not vented from process areas should be placed in hoods
vented to a solvent vapor recovery system.

The current carbon adsorption system regeneration schedules are inadequate. This
is discussed fully in Section IV.

The test results are in general agreement with the results obtained from the Newark
solvent chemical inventory survey performed prior to testing (1).

The implementation of the recommendations made in this report should resuit in an
emissions reduction of more than 113,400 kg (250.000 pounds) annually.

8. RECOMMENDATIONS.

The recommendations made in this section are of two types: those that can be adcpted
almost immediately and those that will take some time. These "short-term" and "medium-term"
recommendations are presented separately. The medium-term recommendations are

Significant emissions from the Peacekeeper area should be eliminated by connecting
the source exhaust ducts from the Peacekeeper area to the CA 3/CA 4 network.
Based on the test resuits, it does not appear necessary to install a new CA system that
is dedicated to the Peacekeeper area.

Under current operations, CA 4 is significantly underutilized compared to CA 3, which
is operating near maximum capacity. It is recommended that Newark AFB either
connect the Peacekeeper area exhaust ducts to CA 4, or offload most of the CA 3
sources to CA 4, and connect the Peacekeeper exhaust ducts to CA 3. CA 3 and
CA 4 should be integrated so that approximately 130 kg (286 pounds) is influent to
both CA 3 and CA 4. With this new integration strategy, the CA systems would be
operating near maximum capacity, however, this recommendation should be
implemented only if the installation of additional significant sources is not planned.
Based on the results of air flow rate measurements taken at each of the point sources
vented to the CA systems, the 10-hp fans located upstream of each CA system shouid
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be capable of maintaining a safe ventilation flow rate through each source. Because
the 10-hp fans are aiready in place, it can be safely assumed that the draw from these
fans is not too large for the CA systems to handle. However, some flow balancing will
be required after the sources are integrated to ensure that sufficient ventilation air
passes through each source.

A separate solvent vapor recovery system should be installed to control emissions
from the Refurbishing and Clean Room 12 areas. Under current operations, these
areas emit 106 kg (233 pounds) per day; thus, a system similar to those currently on
site should suffice. Carbon adsorption is a very effective means of controlling Freon
emissions if properly maintained.

The emissions sources that are currently uncontrolled (i.e., degreasers and
ultrasonics), should be vented to a vapor recovery system. However, the cumulative
contribution from these sources could have a significant impact on the recovery system
operation. Thus, as soon as they are vented, the contribution from these sources
should be quantitized to assess their potential impact. Itis possible that these sources
are responsible for the emissions of up to 68,040 kg (150,000 pounds) of Freon per
year.

A means of determining Freon evaporation rates in the significant emission source
areas (i.e., Peacekeeper, Refurbishing/Clean Room 12, Clean Room 3) shouid be
installed. In this way, the impacts of changes in operating areas on CA bed
performance can be determined. This may be accomplished by installing flow meters
on Freon supply and waste lines from these areas, and adopting a logging system for
waste cans of Freon that are hand carried to hoiding tanks.

The short-term recommendations are

Feedback control loops should be installed at the exits of both CA systems to eliminate
the possibility of emitting Freon vapor into the environment due to CA bed
breakthrough.

CA systems 3 and 4 should be converted from split-flow operation to single-bed
operation (see Section V).

Until feedback control loops are installed in the CA bed effluents, the regeneration
schedules for CA 3 and CA 4 described in Section IV should be adopted. There may
be some fine tuning involved due to the dynamic nature of the overall operation.
Freon emissions from CA 4 due to the intermittent duty cycle of the point sources
vented in CA 4 shouid be significantly decreased. The most cost-effective means of
controlling these emissions is to turn off the 10-hp exhaust fan located upstream of the




bed during process downtime (i.e., weekends, and second and third shift). This will
reduce the possibility of solvent migration through the bed and subsequent
breakthrough. This is discussed fully in Section lil.
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APPENDIX A
QUALITY ASSURANCE/QUALITY CONTROL
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As described in the Quaiity Assurance/Quality Control (QA/QC) section of the test plan,
there were several critical measurements in this test series. The two most critical measurements
were the air flow rate measurements, and the Freon concentration measurements in ducts
exhausted directly to the outside and to the CA beds.

A total of 12 sites were monitored for Freon concentrations; 10 of these sites were
considered critical (the remaining 2 are CA exhaust effluent ducts that were monitored only to
determine breakthrough status). Due to the multiple revisions made to the test plan, there were
some changes made in the text that were not included in the QA/QC document tables. The
data quality objective (DQO) in the text for precision and accuracy is +30 percent, yet Table 1-1
in the QA plan was never chanqged to reflect this.

A. AIR FLOW RATE MEASUREMENTS AT BOOTH FACES

As discussed in the QA plan, the dynamic nature of this measurement is such that duplicate
measurements may not be comparable. It was hoped that some assessment of data quality
could be done by summing up the air flow rates through the process booths connected to a CA
system, and comparing this value to the flow rate measured in the CA influent duct. However,
it was learned during the test that this was impractical.

To get an accurate comparison, the surface area over which the anemometer data are taken
must be known. Unfortunately, many of the access port surfaces (where the anemometer data
were taken) are taced with fiexible, slit rubber covers. It is impossible to measure the surface
area of the openings of these ports while they are in use. Some booths do not have access
ports, rather they were fitted with a sliding front window (much like a fume hood). The window
height varies, depending on how the unit is used. The position of the window has an effect on
the flow rate measured in the duct. For these reasons, a comparison between anemometer flow
rate and duct flow rate measurement data was not possible.

With the use of a floor map and information supplied by Newark AFB personnel, the number
of process areas connected to CA beds was anticipated before the test was initiated. All of the
known sources were measured, and additional sources not known by Acurex personnel to be
present were also measured. Thus the completeness for this set of measurements is actually
slightly over 100 percent.

B. DUCT FLOW RATE MEASUREMENTS

As with the anemometer data, the duct flow rate measurements during this test were
extremely dynamic. Some of the reasons for the dynamic nature of this test series are described
above. Nonetheless, multiple flow rate measurements were taken at each site whenever
possible. It was originally planned that two flow rate measurements would be taken at each test
site. As described in Section I, the intermittent nature of the Newark AFB operations made it
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impossible to obtain a second measurement (a process booth may be used once for 1 minute,
and not used again for several hours). However, at least one measurement for each site was
obtained, and a second measurement was achieved for 60 percent of the sites. Thus,
100 percent of the vented sites were measured at least once, and 8 of the 12 sites were
measured twice.

C. FREON CONCENTRATION MEASUREMENTS

The precision of measurement for the Freon emission monitoring tests at the 10 critical sites
was obtained by comparing the response of the instrument to successive calibration checks
using zero, span, and calibration gases. The DQO for this measurement (see page 2 in Section
1 of the QA plan) was =30 percent. One hundred percent of the measurements were within this
range (in fact, all the measurements were within 20 percent).

The accuracy DQO for this measurement was =30 percent. Eight of the 10 measurements
were within this range.

Freon concentration measurements that were originally planned for the central vacuum
system had to be abandoned due to a faulty Freon monitor. The results of a previous inventory
study of this facility indicated that the annual Freon losses due to disposal via the central vacuum
system was quite small; this was considered the least important emission source. Because the
central vacuum system was not included in the test, only 12 cf the 13 sites originally setectec
for testing were actually tested. The data quality objective for the completeness for this
measurement is 30 percent, and 92 percent was achieved. Because no Freon measurements
were done at this site, there were no corresponding air flow measurements taken, either.
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ERROR ANALYSIS

57

(The reverse of this page is blank.)




The time histories of Freon concentration measurements were obtained at various sites at
Newark AFB with Gastech Freon Infrared Monitors, and were recorded on strip chart recorders.
The area under each concentration/time plot was measured using a planimeter, and converted
into ppm-minutes. Conversion factors were obtained from chart deflections attained during
calibration measurements. Pure nitrogen was used as the zero gas (nitrogen is non-absorbing
at the wavelength used for the measurements), and Freon at 4046 and 1060 ppm in nitrogen
were used as the span and calibration gases, respectively.

The chart zero and span gas calibration measurements indicated a drift over time.
Therefore, calibrations were performed regularly, and the average length-to-ppm conversion
factor for any time interval between two calibrations was obtained as the arithmetic average of
the conversion factors from both calibrations. For example, calibration at 1500 could indicate
a conversion factor 1000 ppm per inch of deflection, while a second calibration at 1700 could
show a calibration factor ot 950 ppm per inch of deflection. The concentration data recorded
between 1500 and 1700 would be reduced assuming a chart deflection of 975 ppm per inch of
deflection.

A. DATA REDUCTION PROCESS

The data reduction process is outlined below:

«  Mark two calibration time points, t, and t,, and the time interval At between them

e  Measure the defiections for the calibration gases at 0 ppm, 1060 ppm and 4046 ppm

attime t,
e Plot calibration gas chart deflection versus ppm and get conversion factor (f) for
converting centimeters to ppm at time t,

e Measure the deflections for the calibration gases at time t,

o  Obtain the conversion factor f, at time t, in the same way as f, was obtained

»  Obtain conversion factor f, o = (f, +1,)/2 for the time interval At

¢ Find peak deflections during interval At and convert to ppm

o  Select standard area for planimeter calibration A* (preferably a rectangle much larger

than a typical chart deflection):
A" = yAt

e  Obtain planimeter reading P", for reference area A"

» Convert planimeter reference area A", to ppm-minutes, 2", using the average

conversion factor, f_ :

avg’

Z' =yl 6t =1 A

+  Obtain planimeter readings, Q, for area under each Freon emission peak recorded
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o Convert each planimeter area reading, Q, to ppm-minutes, Z;:
Z =2 (Q/P)
e Add all the Z, to obtain the total Freon emission time integral
e Repeat these steps for each subsequent time interval
B. SOURCES OF ERROR
The primary sources of error included
o Zero drift and span drift, causing conversion factor, {, to vary in time, and clipping of
some emission peaks
o  Error in determining factor 1,, f,, or f at any time
o Error in measuring reference area A", and therefore in reference quantity Z = fang'
o Error in planimeter readings of areas under Freon emission peaks.
e  Error in time interval measurements, At
e  Errors in measuring chart deflections, Ay
C. ESTIMATION OF ERRORS
There are six principal errors that require estimation:
e  Errors in the conversion factor, f
o  Errors in Ay and peak ppm values
. Errors in the planimeter reading, P, for the reference rectangle
«  Errors in the area of reference rectangle, Z°
o Errors in the planimeter reading, Q,, for each emission event
e  Overall measurement errors for each site
These errors are related and discussed below
1. Error in the Conversion Factor, 1
During each calibration check, the chart deflections for 0 ppm, 1060 ppm, and 4046
ppm were determined and plotted against the corresponding concentrations. The plots are
presented in Figures B-1 through B-38, in which the gradient is the conversion factor, f. Each
figure corresponds to calibration at a time t,, and illustrates two gradients. One gradient, f,,
corresponds to the best line fit to the high (4046 ppm) and low (1060 ppm) calibration gas
points that also pass through the origin. The second gradient, f,, corresponds to a line passing
through both the origin and the low calibration gas. In some cases, the two lines are
degenerate, and f, = {,.
Because most of the peak concentrations fall closer to 1060 ppm rather than 4046
ppm, the first order correction estimate for the conversion factor {, at time t, is taken to be

{f,+1)
t, =1, = 5




with uncertainty

1o |
2

A, =

Likewise, there are values f, and Af, at a later time t,. The average value of conversion factor,
t (which converts length of chart deflection to ppm), to be used for data recorded between time
t, and time t, is

with attendant error

(47 + A]"/2
Myg = ——5——

The above discussion assumes that the change in f and consequential difference
between f, and f, are due to span and zero drifts.
2. Errors in Ay and Peak ppm Values
The peak ppm value for each Freon emission event is obtained from the corresponding
chart deflection, Ay, as

E(PPM) = fugdy

The fractional error in the ppm reading is

_AE _ a2 2 q1/2
SE_—E"_[S'avg+SAV]

where

Af .
29 and S, = OTS
Yy

Sfavg =

3. Errors in the Planimeter Reading for the Reference Rectangle
A reference rectangle was chosen for planimeter calibration. By knowing the area
(planimeter reading) of the rectangle and the corresponding vaiue of ppm-minutes (fm X area),
one can convert any other area reading to ppm-minutes by a ratio factor. Accuracy and
precision are required in determining the planimeter reading, P", for the reference rectangle.
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To ensure an accurate reference area reading, 10 readings (q) were taken and averaged to
determine P". Thus,

. p
with uncertainty
. Sq
8P = o
in which
) 112
Sq = z(q.Qavg)
9

4. Errors in the Area Reading of Reference Rectangle
The number of ppm-minutes in the reference rectangle is

Z = tawgh = favgy At

in which A™ = y At" is the area of the reference rectangle in cm-minutes. The uncentainty in :nis

value is
AZ* a2 2 2 11/2
S,. = - - [S,”g+Sy.+Sm]
in which
Af,
- avg
S’avg - f
avg
_4dy* _05
Sy' v ry
y Yy
S_“ = 3%
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5. Errors in the Planimeter Reading From Each Emission Event
A planimeter was used to obtain the area, Q,, under each emission peak. Two

readings, Q;, and Q,,, were obtained and averaged to obtain Q;:

Q = Q. + Qy
2
AQ = Q- Qi
2

Each planimeter reading, Q, is converted into Z, (ppm-minutes) by direct proportion
with the reference rectangle planimeter reading:
z-223
p'

in which 2" is the number of ppm-minutes for the reference rectangle. The fractional error is

given by
8% = 8%, + S%. + 8%
in which
g =49, s, 2P g o2
) P+ z

6. Overall Measurement Error for Each Site
The overall emission integral for a particular site was obtained by summing the
individual integrals (Z) for all N emission events:

The absolute error, S, in Z,, is given in terms of the absolute error S, in Z, by

N
Sz‘m(ppm.minutes) ={2 S;z]”2

i=1




The error analysis is summarized in Tables 8-1 through B-10. From the data given in
these tables, it can be seen that results from 7 of the 10 sites tested have percent errors of less
than 5. Two of the 10 sites have percent errors of less than 7, and one site (Site 3) has an error
of approximately 10 percent. Site 3 has a higher percent error due to the drift probiems that
occurred.

D. ERRORS IN AIR FLOW RATE MEASUREMENTS

The quantity of Freon emitted annually is dependent on both the Freon concentration in the
emitted gas and the flow rate through the exhaust duct. EPA Method 2 was used to determine
air flow rates in the exhaust ducts selected for study. Errors in Freon emissions calculations due
to variations in flow rate measurements approximate those described above. The percent
variations in air flow rates presented in Table 11 range from 3 to 7 percent.
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20




5000 —————————————— ——— —

N ! ]
£ [ 4
Q. 1 4
<~ 4000 } 4048 PP
=z » :
9 3

= ; .
é 3000 y 1
—

=z i 1
L i 1
© 2000 ¢ -
= ] :
O ]
O i .
= 1000 } 10e0peu Gradient=250 ppm/cm
0 | :
x |

0 i I 2 N L I 2 1

0 2 4 6 8 10 12 14 16 18 20
STRIP CHART DEFLECTION (cm)

Figure B-5. Results of Calibration 1 at Site 2.

5000 [~
£ y

a 7

2 4000 + e O 4048 PPU
=z f s 4
5 | L’

— Ve 4
< b 7 i
= 3000 . - e ‘
s o |
V8] q 7 1
LZJ 2000 + R -j
O [ Ry - - Gradient=330 ppm/cm )
Q b 7 .

Z 1000 | 1eoru e - — Gradient=260 ppm/cm ]
v P j
0 4 Z

L O I A T s — § L Lo

0 2 4 6 8 1.0 12 14 16 18 20
STRIP CHART DEFLECTION (cm)

Figure B-6. Results of Calibration 2 at Site 2.
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Figure B-10. Results of Calibration 1 at Site 3.
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Figure B-12. Results of Calibration 1 at Site 4.
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Figure B-15. Results of Calibration 4 at Site 4.
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Figure B-16. Results of Calibration 1 at Site 5.
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Figure B-17. Results of Calibration 2 at Site 5.
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Figure B-18. Results of Calibration 3 at Site 5.

73




FREON CONCENTRATION (ppm)

FREON CONCENTRATION (ppm)

5000

4000

3000

5000

4000

3000

2000

1000 |

— - Gradient=310 ppm/cm ]
— Gradient=260 ppm/cm /

5 10
STRIP CHART DEFLECTION (cm)

Y
™

Figure B-19. Results of Calibration 1 at Site 6.

vy

~ - Gradient=430 ppm/cm
— Gradient=350 ppm/cm -

e 1 - i A

1t 2 3 4 5 6 7 8 9 10
STRIP CHART DEFLECTION (cm)

Figure B-20. Resuits of Calibration 2 at Site 6.
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Figure B-22. Resuilts of Calibration 4 at Site 6.
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Figure B-27. Results of Calibration 1 at Site 8.
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Figure B-28. Results of Calibration 2 at Site 8.
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Figure B-29. Resuits of Calibration 3 at Site 8.
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Figure B-30. Results of Calibration 4 at Site 8.
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Figure B-35. Results of Calibration 5 of CA 3.
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Figure B-36. Resuits of Calibration 1 of CA 4.

82




FREON CONCENTRATION (ppm)

FREON CONCENTRATION (ppm)

S000
4000

3000

2000

1000

S0C0 ;

4000

3000

2000

1000

L ‘048 PPU O, - J
rd
7~
rd
3 ”
7
- d -
” < 1
7 “ g J
I 7 ]
s rd
rd
3 -
”
{ Py« - - Gradient=510 ppm/in
_Z Z~" 1060 PPU — Graodient=44C ppm/in
3 ~ 4
0 1 2 3 4 S 6 7 8 9 10
STRIP CHART DEFLECTION (in)
Figure B-37. Results of Calibration 2 of CA 4.
- T vy v T ~ T T M T T |: P
P d
rd
- 1
[ f
- - Grodient=520 ppm/in ]
— Gradient=450 ppm /in ]

S 6 7 8
STRIP CHART DEFLECTION (in)

4

Figure B-38. Results of Calibration 3 of CA 4.
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